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1 .0 INTRODUCTION 


1.1 STUDY BACKGROUND 

An investigation to determine the suitability of using adhesive package 
sealing as an alternate to metallurgical package sealing for hybrid micro- 
circuits for NASA/MSFC applications was started in June 1975. The initial 
effort directed to a preliminary evaluation of selected adhesives to assess 
their feasibility for this application was performed during the period from 
June 1975 to April 1976 under Contract NAS8-31517. The major effort performed 
under that contract consisted of (1) surveying representative hybrid manufac- 
turers to assess the current use of adhesives for package sealing, (2) making 
a cost comparison of metallurgical versus adhesive package sealing, and (3) 
determining the seal integrity of gold-plated Kovar butterfly-type packages 
sealed with selected adhesives after they had been subjected to MIL-STD-883A, 
Class A, test environments. 

This study is documented in detail in a NASA Contractor Report, NASA 
CR 144339 issued in April 1976. Results showed that adhesive-sealed packages 
retained their seal integrity (as determined by the seal test specified in 
MIL-STD-883A, Method 10141, Test Conditions A,, and C-j) after they had been 
sequentially subjected to MIL-STD-883A, Class A Thermal Shock, Temperature 
Cycling, Mechanical Shock, and Constant Acceleration test environments. Spe- 
cifically, 1.27 cm (1/2 inch) square gold-plated Kovar butterfly-type packages 
sealed with the film adhesives Ablefilm 507, 529, and 550 and the paste adhesive 
Epo-Tek H77 retained their sea'; integrity after all tests, and similar 2.54 cm 
(1 inch) square packages retained their seal integrity after all tests except 
the 10,000g's constant acceleration test. While these results were by no means 
considered to be sufficient to establish adhesives as suitable for sealing high 
reliability hybrid microcircuit packages, they were considered encouraging and 
indicative that adhesive package sealing warranted further evaluation. 

As a result, a follow-on study was authorized. 

1.2 5C0PE OF THE PRESENT STUD Y 

The general objective of the overall study is to investigate low cost, 
high reliability sealing techniques for hybrid microcircuit packages. The 
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specific objective of this portion of the study (Phase II) was to continue 
the evaluation of adhesives (begun in Phase I) to determine whether or not 
they qualify for this application. This effort consisted of the following 
three tasks: 

Task i: Seal gold-plated Kovar packages with selected adhesives and determine 

their seal integrity after they have been exposed to temperature-humidity 
environments. 

Task 2 : Seal both gold-plated Kovar and ceramic packages with the four best 

adhesives Identified in Task 1 and determine their seal integrity after they 
have been subjected to HIL-STD-883A test environments. 

Task 3: Subject the best adhesive-package combination identified in Task 2 

to a 60°C/98% RH environment and determine its susceptibility to moisture 
permeation. 


- 2 - 
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’.Q TECHNICAL DISCUSSION 

2 . 1 EFFECT OF TEMPERATURE-HUMIDITY EXPOSURES ON SEAL INTEGRITY 

The objective of this effort was to determine if adhesive-sealed gold- 
plated Kovar packages can pass the seal test requirements of MIL-STD-883A, 

Method 1014.1 after they have been exposed to selected temperature-humidity 
environments. Ten adhesives, as listed in Table 1, and the following four 
temperature-humidity environments were selected for this evaluation. 

Level 1 - a0°C/60£ RH for ten days 
Level 2 - 60°C/98£ RH far ten days 

Level 3 - Moisture resistance test environment per Method 1004.1 
Of MIL-STD-883A 

Level 4 - 85°C/852> RH for ten days 

Seal integrity was determined before and after exposing the packages to these 
environments by performing fine and gross-leak tests in accordance with MIL- 
STD-883A, Method 1014.1, Test Conditions A 2 and C 1 and C 2 . respectively. For 
the fine-leak test, the packages were bombed at 30 psig helium for three hours. 
For the C^ gross-leak test, the packages were pressurized at 30 psig for two 
hours. Packages sealed with all ten adhesives were exposed to the Level 1 and 
Level 2 environments. Level 3 and Level 4 testing was conducted only on pack- 
ages sealed with the adhesives which passed exposure to the Levels 1 and 2 
environments. In all cases, three packages sealed with each of the adhesives 
and three seam-sealed packages (to serve as controls) *ere tested. A different 
set of packages was exposed to each environment. 

2.1.1 Package Assembly Method 

Since a large number of packages had to be assembled, a special fixture was 
designed and fabricated for this purpose. A photograph of the fixture contain- 
ing an assembled package is shown in Figure 1, and a close-up showing the package 
assembly region and assembled package in greater detail is given in Figure 2. 

The fixture has eight precisely positioned pins to ensure proper alignment. 
Teflon-coated, stainless-steel plates, 0.152 cm (60 mils) thick, are placed 
on each side of the package to ensure that it is not distorted when the 
clamping pressure required during cure is applied. 


- 3 - 
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Table 1. Adhesives Selected for Evaluation 


Adhesive 

Type 

Manufacturer 

Ablefilm 507 

Nonconducti ve Film 

Ablestik Laboratories 

Ablefilm 550 

Nonconducti ve Film 

Ablestik Laboratories 

Ablebond 36-2 

i 

One Component Silver- 
filled Paste 

Ablestik Laboratories 

Ablebond 58-1 

One Component Gold- 
filled Paste 

Abl esti k Laboratori es 

Epo-Tek H20E 

Two Component Silver- 
filled Paste 

Epoxy Technology, Inc. 

Epo-Tek H81 

Two Component Gold- 
filled Paste 

Epoxy Technology, Inc. 

Epo-Tek H77 

Two Component Non- 
conducti ve Paste 

Epoxy Technology, Inc. 

Ablebond 789-1 

One Component Non- 
ductive Paste 

Ablestik Laboratories 

Ablebond 873-1 

Epoxy Novolak Paste 

Ablestik Laboratories 

AF-30 , 

Nitrile Phenolic Film 

3M Company 
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Figure 1. Package Assembly Fixture 
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Figure 2. Close-up View of Package Assembly 
Region and Assembled Package 
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The procedure for preparing a package was- as follows: The package (package 
case, -adhesive, package lid) was assembled by placing the parts between the 
alignment pins with a teflon-coated plate on each side {bottom and top). A 
metal yoke was then placed on top of this assembly and the toggle clamp closed, 
forcing the attached bolt down on the metal yoke and the metal yoke down on the 
package. This is shown in Figures 1 and 2. The force exerted on the package 
was controlled by a spring on the bolt and was just sufficient to keep the package 
parts from shifting with respect to each other while a spring clamp was applied 
to the package assembly (package and teflon-coated plates). Also, the end of the 
bolt which contacts the metal yoke was free to swivel to ensure that the force 
exerted on the metal yoke was perpendicular to its top surface and could not 
cause any misalignment of the parts of the package assembly. A spring clamp 
of proper force was then placed on the package assembly, the toggle clamp was 
opened, and the clamped package assembly was removed from the fixture. A photo- 
graph of a package assembly ready for cure is shown in Figure 3. The package 
was leveled by adjusting the bolt on the opposite end of the clamp. 

2.1.2 P ackages and Package Processing 

The packages selected for testing were 2.54 cm (1 inch) square, gold-plated 
Kovar, butterfly- type packages of solid ring frame construction with gold-plated 
Kovar lids. Their rim width was 0.102 cm (40 mils) and their sealing area 
1.03 cm (0,16 inch ), These packages were selected because of their wide use 
in NASA/MSFC equipment. Package blanks (or sealing boxes) were used rather than 
completed packages. These were identical to the completed packages except that 
the holes for the feedthroughs had not been drilled and the feedthroughs installed. 
Package blanks are less expensive than completed packages and their use for the 
evaluation of sealing is preferable. Since there were no feedthroughs as pos- 
sible sources of leaks, the leak rates measured were entirely due to the package 
seal s . 

The packages (and lids) were cleaned by brushing ticm successively in 
deionized water, acetone, and isopropyl alcohol and then spray rinsing with 
Fraon TF. The cleaned packages were stored in a chamber containing a nitrogen 
ambient and used within a few hours after they were cleaned. The adhesive 
preforms were removed from the freezer, placed in the nitrogen chamber with 
the packages, and allowed to stand at room temperature for approximately 
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Figure 3. Package Assembly Ready for Cure 


Wlll — or TB* 


- 8 - 





C76-597/201 


one hour before they were used. The packages were assembled in room 
ambient using the assembly fixture and method described in the previous 
section (2.1.1). The film adhesives were placed on the package case in 
the fixture. The paste adhesives were manually applied to the rim of the 
package case before the package case was placed in the fixture. The adhesive 
was applied using a sharpened Q-tip stick while the procedure was monitored 
under a microscope to assure complete coverage and the absence of bubbles. 

The packages had a small hole 0.033 cm (13 mils) in diameter in their lids 

which aligned with a 0.318 cm (1/8 inch) diameter hole in the top teflon-coated 

plate to allow the packages to vent during cure. The packages were cured in a 

nitrogen environment and the holes were subsequently solder sealed in room 

4, 2 

environment. Clamping pressures applied during cure were 7.0 x 10 N/m 
(10.1 psi) for the paste adhesives, 1.1 x 10 5 N/m 2 (16.3 psi) for the film 
adhesives Ablefilm 507 and 550, and 2.0 x 10 5 N/m 2 (29.0 psi) for the film 
adhesive AF-30. In the case of the paste adhesives, since their viscosities 
are initially very low, only sufficient pressure was applied to assure that the 
parts remained in alignment during cure. The cr-e schedules used for the adhe- 
sives are given in Table 2. These cure schedules meet or exceed those recom- 
mended by the manufacturers. 

2.1.3 Results for Level 1 Environment Exposure 

Results obtained for packages subjected to the Level 1 environment (50°C/ 
60% RH for ten days) are given in Table 3. The nitrile phenolic film adhesive, 
AF-30, was eliminated from consideration because 11 of 12 packages sealed with 
it failed the initial C 2 gross leak test. Since this problem was not encoun- 
tered with any of the other adhesive?, it was felt that this adhesive was not 
worth further effort. The only adhesive affected by exposure to this environ- 
ment was Epo-Tek H20E. All three packages sealed with this adhesive were found 
to be gross leakers when tested according to Test Condition C 2 . However, it is 
interesting to note that these packages were not found to be gross leakers 
when previously tested according to Test Condition C^ , and their fine-leak 
rates measured prior to C-j and C 2 gross-leak testing were as *o!lows: 

Package 1: 3.6 x 10"" 7 atm cc/sec (air equivalent) 

Package 2: 4.2 x 10" 7 atm cc/sec (air equivalent) 

Package 3: 4.0 x 10“ 7 atm cc/sec (air equivalent) 


- 9 - 
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Table 2. Adhesive Cure Schedules 


Adhesive 

Cure Schedule 

Ablefilm 507 

70 minutes at 175°C 

Ablefilm 550 

2-1/2 hours at 150°C 

Ablebond 36-2 

40 minutes at 150°C 

' Ablebond 58-1 

40 minutes at 150°C 

Epo-Tek H2QE 

15 minutes at 150°C 

Epo-Tek H81 

15 minutes at 150°C 

Epo-Tek H77 

30 minutes at 150°C 

Ablebond 739-1 

2 hours at 17G°C 

Ablebond 873-1 

2 hours at 170°C 

AF-30 

70 minutes at 175°C 


Note: These cure schedules meet or exceed those 
recommended by the adhesive manufacturers. 
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Table 3. Efftw-. of Level 1 Environment Exposure 
(Ten Days at 50°C/602! RH) 


Adhesive 
Package Number 

Initial 
Leak Rate 
Air Equivalent 
(atm cc/sec) 

Leak Rate 
After Exposure 
Air Equivalent 
(atm cc/sec) 

Ablefilm 507 
1 
2 
3 

8.0 x 10"! 
6.2 x 10"" 
8.0 x 10'° 

9.0 x 10"! 
8.8 x 10"! 
8.8 x 10'° 

Ablefilm 550 
1 
2 
3 

3.6 x 10'® 
1.5 x 10"“ 
1.4 x ID"® 

4.0 x 10'® 
1.4 x 10"! 

3.0 x 10"° 

Ablebond 36-2 
1 
2 
3 

1.2 x 10"? 
1.6 x 10"i 
1.0 x 10"' 

1.7 X 10"! 
1.2 X 10"; 
2.0 x 10 _/ 

Ablebond 58-1 
1 
2 
3 

1.0 x 10"® 
9.5 x 10*2 
4.2 x 10" a 

2.8 x 10'® 
7,0 x 101 
5.2 x 10" a 

Epo-Tek H20E 
1 
2 
3 

1.6 x 10"! 
1.4 x 10"' 
1.4 x 10"' 


Epo-Tek H81 
1 
2 
3 

2.4 x 10"! 
2.1 x 10"! 
4.6 x 10"® 

1.4 x 10"! 

1.8 x 107 

3.8 x 10" a 

Epo-Tek H77 
1 
2 
3 

1.1 x 10"® 
1.8 x 10 q 
8.4 x 10" 3 

1.2 x 10"! 
2.0 x 10"! 
8.7 x 10" 3 

Ablebond 789-1 
1 
2 
3 

4.4 x 10"® 
4.4 x 10 1 
6.3 x 10~ a 

4.8 x loH 
5.0 x 10" 3 
1.6 x 10" B 

Ablebond 873-1 
1 
2 
3 

5.4 x 10"! 
3.0 x 10"| 
1.3 x 10"® 

2.1 x 10"! 
1.6 x 10"! 
1.3 x 10"® 

Seam Sealed 
1 
2 
3 

1.2 X 10"! 
4.4 x 10"| 
0.9 x 10' 3 

1.2 x io:| 
2.0 x 10 l 
1.8 x 10' 3 
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2.1.4 Results for Level 2 Envi roronent Exposure 

Results for packages subjected to the level 2 environment (6Q e C/98» RH 
for ten days) are given in Table 4. Packages were first tested for fine leaks, 
then gross leaks per Test Condition C-j , and finally gross leaks per Test Condi- 
tion Cj>. Packages found to be gross leakers when tested per Test Condition C-j 
were not tested per Test Condition Cg. All packages for which fine leaks could 
not be measured were found to be gross leakers when tested per Test Condition C-j 
and vice versa. Seven additional packages (three sealed with Ablefilm 550, 
three with Ablebond 58-1 and one with Ablebond 759-1) wera found to be gross 
leakers when tested per Test Condition C 2 . The fine-leak rates measured for 
these packages prior to C-j and C 2 gross-leak testing were as follows: 

Leak Rate 

Adhesive & Package No. atm cc/see (air equivalent) 


Ablefilm 550 
Package 4 
Package 5 
Package 5 
Ablefilm S8-1 
Package 4 
Package 5 
Package 6 
Ablebond 789-1 
Package 4 


6.8 x 10" 9 

1.0 x 10‘ 8 

3.8 x 10‘ 9 

2.2 x 10' 6 
>3.0 x i0’ G 

5.2 x 10 -8 

3.0 x 10~ 9 


The gross leak in the package sealed with Ablebond 789-1 (Pactcage 4) was not at 
the adhesive seal but was due to an imperfection in the factory weld (bottom 
to rim). For all of the other leaky packages, failures occurred due to separ- 
ation of the adhesive from the gold metal, indicating that the failure mode 
was adhesive rather than cohesive. Since gold is a difficult metal to bond to, 
this is the expected failure mode. Also, failure of the adhesives in this case 
does not necessarily mean that they would not be adequate for other applications 
such as sealing ceramic to ceramic. 


Review of the results given in Table 4 shows that several adhesives were 
severely degraded by exposure to this environment and should be eliminated from 
further consideration. These were Ablebond 58-1, Epo-Tek H2C£, Epo-Tek H81, 


- 12 - 
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Table 4. Effect of Level 2 Environment Exposure 
(Ten Days at 60°C/98£ RH) 


Adhesive 
Package Number 

Im tial 
Leak Rate 
Air Equivalent 
(atm cc/sec) 

Leak Rate 
After Exposure 
Air Equivalent 
{atm cc/sec) 

Ablefilm 507 

4 

5 

6 

1.0 x lO'o 
6.4 x I0”o 
8.6 x I0" a 

3.2 x 10"! 
4.6 x 10"! 
5.4 x 10" a 

Ablefilm 550 

4 

5 

6 

1.4 x TO'! 
4.6 x lO'o 
5.3 x 10" a 

m 

Ablebond 36-2 

4 

5 

6 

2.4 x 10'! 

2.7 x io'; 

1.8 x 10" 

2.7 x 10"! 
9.6 x 10’“ 
Gross (C-]) 

Ablebond 58-1 
4 
6 
6 

1.8 x 10"! 
; 1.4 x 10"“ 
i 3.0 x I0" a 

Gross (C?) 
Gross (C2) 
Gross (C2) 

Epo-Tek H20E 

4 

5 

6 

2.1 x 10'? 
2.4 x io"; 
1.6 x 10' 7 

I Gross (C-|) 

! Gross (C 1 ;/ 

Gross (C-|} 

Epo-Tek H81 

4 

5 

6 

8.4 x 10"? 

2.5 x 10"X 
4.0 x 10' e 

Gross (C7) 
Gross CCli* 
1 .3 x 10-8 

Epo-Tek H77 

5 ' 

t 

2.0 x 10"! 
1.6 x 10‘S 

1.0 x 10' a 

6.0 x 10"! 
1.5 x 10" a 
Gross (C-] ) 

Ablebond 789-1 

4 

5 

6 

5.8 x 10'! 
1.5 x 10"! 

1.8 x 10" a 

Gross (C2 at 
factory weld 
1.2 x 10-§ 
1.9 x 10" a 

Ablebond 873-1 

4 

5 

6 

5.9 x 10"! 

2.0 x 10"! 

2.1 x 10" a 

Gross (Ci ) 
4.4 x 10“ 9 
Gross (C])* 

Seam Sealed 

4 

5 

6 

0.8 x 10"! 
0.7 x 10"! 
1.6 x IO"' 

1.2 x 10"! 
1.0 x 10"! 
1.4 x 10" y 


*Lid came off during fine-leak testing 


- 13 - 




















C76-597/ 201 


and Ablebond 873-1. Even though all three packages sealed with Ablefilm 550 
were found to be Cg gross leakers, it was felt that this adhesive should be 
evaluated further because low fine-leak rates were measured for all three 
packages sealed with it, and all of these packages passed the C-j 
gross-leak test. Review of the results given In Table 4 also indicates that 
two of the adhesives, Ablefilm 507 and Ablebond 789-1, were unaffected by 
exposure to this environment (all packages retained their seal integrity). 

Also, for two other adhesives, Ablebond 36-2 and Epo-Tek H77, only one package 
lost seal integrity. These adhesives are worthy of further testing at the more 
severe temperature-humidity conditions. 

In summary, as a result of exposure to the Level l temperature-humidity 
environment (6Q°C/98% RH for ten days), four adhesives (Ablebond 58-1, 

Epo-Tek H20E, Epo-Tek H81 , and Ablebond 873-1) were eliminated from further 
consideration for package sealing; and five adhesives (Ablefilm 507, Ablebond 
789-1, Ablebond 36-2, Epo-Tek H77 and Ablefilm 550) were selected for further 
testing. 

2.1.5 Results for Level 3 Environment Exposure 

Results for packages exposed to the Level 3 environment (moisture resis- 
tance test environment per Method 1004.1 of MIL-STD-883A) are given in Table 5. 

A comparison of these results with those given in Table 4 for similar packages 
exposed to the Level 2 environment (6Q°C/98% RH for ten days) indicates that 
the Level 2 environment is possibly more severe than the Level 3 environment. 
This conclusion suggests that continuous exposure at 50°C for ten cwys is 
more degrading than the effects due to cycling the temperature between 25°C 
and 65°C at six-hour intervals for ten days. 

2.1.6 Results for Level 4 Environment Exposure 

Results for packages exposed to the Level 4 environment (85° r ./85% RH 
for ten days) are given in Table 6. The only packages that retained their 
seal integrity after exposure to this environment were the three that were seam 
sealed, two of the three that were sealed with Ablefilm 507, and the three that 
were sealed with Ablebond 789-1. All others (one of the three sealed with Able- 
film 507, and all three sealed with Ablefilm 550, Ablebond 36-2 and Epo-Tek H77) 
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Table 5. Effect of Level 3 Environment Exposure 
(Moisture Resistance Test Environment 
per Method 100s’. 1 of MIL-STD-883A) 


Adhesive 
Package Humber 

initial 
Leak Rate 
Air Equivalent 
(atm cc/sec) 

Leak Rate 
After Exposure 
Air Equivalent 
(atm cc/sec) 

Ablefilm 507 
7 

. 7 

1.1 x 10 ' 

5.4 x 10" 8 

8 

1.4 x 10" 7 

5.8 x 10' 8 

9 

1.1 x 10" 7 

• 

4.0 x I0' 8 

Ablefilm 550 

7.3 x 10" 8 


7 

5.0 x 10' 8 

8 

9.4 x 10' 8 

Gross (Cg) 

S 

3.3 x 10* 8 

2.6 x 10* 8 

Ablebond 35-2 

7 

1.3 x lo' 7 

9.4 x 1C' 8 

8 

1.3 x 10' 7 

1.0 x 10' 7 

9 

3.2 x 1C' 7 

1.1 x 10" 7 

. . - .... ... i 

Epo-Tek H77 
7 

1.1 x 10* 8 

-8 

1.2 x 10 H 

8 

7.8 x 10' 9 

8.2 x 10' 9 

9 

1.6 x 13“ 8 

Gross (C] ) 

Ablebond 789-1 
7 

j 

1 

a 

! 1.8x10° 

A 

jj 

-9 l 

7.0 x 10 3 i 

8 

* 1.0 x 10' 8 

I 1.1 x 10" 8 i 

9 

1.9 x 10' 8 

1 2.0 x 1 O' 8 

Seam Sealed 
7 

<1.0 x 10' 9 

i j 

2.0 x 10' 9 j 

8 

2.4 x 10' 5 

2.0 x IQ" 9 j 

9 

<1.0 x 10" 9 

1.4 x 10~ 9 | 

1 
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Table 6. Effect of Levs'! 4 Environment Exposure 
(Ten Days at 85°C/853! RH) 


Adhesive 
Package Number 

Initial 
Leak Rate 
Air Equivalent 
(atm cc/sec) 

Leak Rate 
After Exposure 
Air Equivalent 
(atm cc/sec) 

Abl efi Irn 507 


6.4 x 10' 8 

10 

1.1 x 10' 7 

n 

1.1 x 10‘ 7 

6.3 x 10" 8 

12 

1.3 x 10" 7 

Gross (Cj) 

Ablefilm 550 
10 

2.9 x 10’ 7 

Gross (C-| ) 
Gross (C^) 
Gross (C^) 

11 

3.3 x 10" 7 

12 

5.5 x 10' 8 

Ablebond 36-2 



10 

1 .7 x 10' 7 

Gross (C } ) 

11 

1.4 X IQ -7 

Gross (C,} 

12 

1.6 x 10' 7 

Gross (C^) 

Epo-Tek H77 

1.3 x 10’ 8 


10 

Gross (C, ) 
Gross (C T ) 
Gross (C-j ) 

n 

1.1 x 10" 8 

12 

6.4 x 10“ 8 

Ablebond 789-1 

4.0 x 1C -8 

1 .3 x !0 -8 

10 

11 

• 2.1 x 10' 7 

9.6 x 10’ 9 

12 

6.4 x 10’ 8 

1.5 x 10~ 8 

Seam Sealed 



10 

<1.0 x 10’ 9 

1.3 x 1G~ 9 

11 

<1.0 x 10' 9 

1.0 x 1Q~ 3 

12 

<1.0 x IQ -9 

1.4 x 10’ 9 
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were found to be C-| gross leakers. A comparison of these results with those given 
in Tables 4 and 5 for similarly sealed packages exposed to the Level 2 and Level 3 
environments (60°C/9855 RK for ten days and the moisture resistance test environ- 
ment specified in Method 1004.1 of MIL-STD-883A) substantiates that this envi- 
ronment (85°C/85& RH for ten days) is without doubt the most severe. 

2.1.7 Results for Extended Level 1 Environment Exposure 

The packages which previously were exposed to the Leva! 1 environment 
(50°C/60% RH for ten days), and retained their seal Integrity, were exposed to 
this same environment an additional three times. These packages therefore were 
exposed to 50*0/60^ RH for a total of 40 days or approximately 1000 hours. Seal 
test results after each ten day exposure are given in Table 7. As can be seen 
from a comparison of the last two columns of this table, only one additional 
package failed (the only remaining package sealed with Epo-Tek H77) as a result 
of the fourth ten-day exposure. 

The important result is that at least three and perhaps five of the nine 
adhesives tested provide package seals that retain their integrity (i.e., pass 
the MIL-STD-883A seal test) after long-term exposure (approximately 1000 hours) 
to a temperature-humidity environment of 50°C/60^ RH. Since 5Q°C/6G% RH is a 
relatively mild temperature-humidity environment, this result alone is not partic- 
ularly significant. However, it complements the results obtained for the adhesives 
tested for a shorter time under more severe conditions. 

2.1.8 Adhesives for Further Evaluation 

A sunmary of fche results obtained from this evaluation is given in Table 8. 
The data are simplified by using an "X" to indicate the packages that retained 
their seal integrity after exposure to each temperature-humidity environment, 
and a dash (-) to indicate those that did not. The asterisks (*) In the Ten- 
day 60°C/93* RH Column indicate that these adhesives were eliminated from further 
consideration because of their failure during exposure tc this environment. On 
the basis of these data, the four best adhesives were Ablebond 789-1, Ablefilm 
507, Ablebond 36-2 and Epo-Tek H77. 

2.1.9 Results of Infrared Analysis of Selected Adhesives 

Infrared spectrographic analyses were made for two adhesives (Ablefilm 507 
and Ablebond 789-1) that passed exposure to all of the temperature-humidity 
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Table 8. Simplified Summary of Results of Temperature-Humidity Evaluation 


C76— 597/201 



19 


Adhesive was eliminated from further consideration 
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environments and for two adhesives (Abiefilm 550 and Epo-Tek H77) that failed. 

In each case, spectra were run on uncured samples and on cured samples before 
and after they were exposed to 85°C/85% RH for ten days. For each adhesive, 
the spectrum obtained for the uncured sample was compared with that obtained 
for the cured sample before temperature-humidity exposure to ascertain the 
degree of cure. Then the spectrum for the cured sample before teR>perature- 
humidity exposure was compared with the spectrum for the cured sample after 
exposure to note any chemical changes resulting from the ten-day 85°C/85% RH 
exposure. 

Spectra of uncured and cured samples are shown in Figures 4 and 5 for 
Abiefilm 507 and Abiefilm 550, respectively. The spectrum for the uncured 
sample is at the top. Since both of these adhesives are supplied in film form 
on a fiberglass matte, the adhesives were extracted by dissolving in acetone 
and evaporating. Abiefilm 507 consists of a DGEBA (diglycidal ether of bis 
phenol A) resin and a dicyandi amide (Dicy) curing agent. The presence of Dicy 
is indicated by the nitrile group doublet at 4.56 and 4.65 pm. Comparison of 
the spectra in Figure 4 shows that this doublet has disappeared in the spectrum 
of the cured sample indicating that cure was completed. Also, this fact is sub- 
stantiated by the retreat (decrease in absorption} of the epoxide group absorption 
band at 10.8 um. Abiefilm 550 is a nitrile modified DGEBA resin with a dicyan- 
diamide curing agent and an accelerator. Comparison of the spectra for the 
cured and uncured samples for this adhesive (Figure 5) shows that the doublet 
characteristic of Dicy has degraded, but that a strong absorption peak still 
remains at 4.58 pm. This may be due to the nitrile portion of the modified 
epoxy or to excess unreacted Dicy. The fact that complete curing has occurred 
is substantiated by the disappearance of the epoxide peak at 10.8 pm. 

Spectra of cured samples before and after exposure to 85°C/855S RH tor ten 
days for the four adhesives (Abiefilm 507, Abiefilm 550, Epo-Tek H77, and 
Ablebond 789-1) are shown in Figures 6 through 9, respectively. In all cases, 
the spectrum for the cured adhesive before exposure is at the top. Comparison 
of the spectra in Figures 6, 8 and 9 for Abiefilm 507, Epo-Tek H77, and Able- 
bond 789-1 Indicates that they are essentially the same. Therefore, the 
conclusion is that the chemical structures of these adhesives have not been 
affected by the temperature-humidity exposure. Comparison of the spectra for 
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Figure 4. IR Spectra for Ablerilm 507 
Top - Uncured 

Bottom - Cured (70 Min. at 175°C) 
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Figure 4. IR Spectra for Ablefilm 507 
Top - Uncured , 

Bottom - Cured (70 Min. at 175°C) 
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Figure 5. IR Spectra for Ablefilrr a50 
Top - Uncured 

Bottom - Cured (zi-1/2 Hrs. at i50°C) 
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Figure 5. IR Spectra for Ablefilm 550 
Top - Uncured 

Bottom - Cured (2-1/2 Hrs. at 150°C) 
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Figure 6. IR Spectra for Ablefilra 507 

Top - Before Ten Days Exposure at 85°C/85% Rh 
Bottom - After Exposure 
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tire 6. 1R Spectra for Ablefilw 507 
if Top - Before Ten Days Exposure at 85°C/85% RH 

Bottom - After Exposure 
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Figure 7. 


IR Spectra for Ablefilm 550 
Top - Before Ten Days Exposure at 85°C/85X RH 
Bottom - After Exposure 
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igure 7. IR Spectra for Ablefilm 550 

Top - Before Ten Days Exposure at 85°C/85% RH 
Bottom - After Exposure 
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ure 9. IR Spectra for Ablebond 789-1 

Top - Before Ten Days Exposure at 85°C/85% RH 
Bottom - After Exposure 
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Ablefilm 550 (Figure 7), however, shows a substantial reduction in the absorp- 
tion band at 4.58 ym, indicating that the nitrile group has been hydrolyzed to 
a carboxyl group during the temperature-humidity exposure. This conclusion is 
supported by the growth (increased absorption) of the carbonyl peak (5.7 to 
5.3 tm). Since the purpose of adding the nitrile was to increase the ability 
of the adhesive to adhere to gold, its hydrolysis during temperature-humidity 
exposure could explain why the performance of this adhesive (Ablefilm 550) was 
degraded. 

Ir. conclusion then, comparison of the IR spectra before and after tempera- 
ture-humi di ty exposure suggests i possible reason for the failure of Ablefilm 
550 but not for the failure of Epo-Tek. H77. 
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2.2 EFFECT OF MIL-STD-883A TEST ENVIRONMENTS ON SEAL INTEGRITY 

The objective of this effort was to determine if gold-plated Kovar packages 
and/or ceramic packages sealed with the four best adhesives identified in the 
previous effort, retain their seal integrity after they have been subjected to 
the following Class A test environments specified in Method 5004,2 of Mlt-STQ- 
883A: 

(1) Thermal Shock - Method 1011.1, Test Condition C (i.e., 15 cycles, 

-G5°C to +150°C) 

(2) Temperature Cycling - Method 1010.1, Test Condition C 
(i.e., 15 cycles, -65°C to +150°C) 

(3) Mechanical Shock - Method 2002.1, Test Condition B 
(i.e., 5 shock pulses at 1500 g's in the Y-j plane) 

(4) Constant Acceleration - Method 2001.1, Test Condition A 
(i.e., 5000 g's in the Y-j plane) 

(5) Temperature Aging (240 hours at 125°C) 

To accomplish this objective, six gold-plated Kovar packages and six ceramic 
packages sea^d with each of the four adhesives (Ablefilm 507, Ablebond 36-2, 
Epo-Tek H77, and Ablebond 789-1) were subjected to the test environments 
both individually and sequentially in the order listed. The integrity 
of the package seals was determined before and after exposure to each test 
environment by testing the packages In accordance with MIL-STD-883A, Method 
1014.1, Test Conditions A,, and C-| and Cg. In each case, six seam-sealed gold- 
plated Kovar packages were used as controls. 

2.2.1 Packages and Package Processing and Assembly 

The gold-plated Kovar packages selected for testing were the same as those 
used previously (described in Section 2.1.2). The ceramic packages (or boxes 
since they did not have electrical feedthroughs) selected were 2.29 cms (0.9 
inches) square. These packages have a 0.127 cm (50 mils) wide rim and a seal- 
ing area of 1.16 cm (0.18 inch ). Ceramic lids 0.064 cm (25 mils) thick were 
laser cut to fit these boxes and a hole approximately 0,04 cm (16 mils) in 
diameter was sandblasted In them so that the packages could vent during cure. 

The same package assembly method described in Section 2.1.1 was 
used. An assembly fixture similar to the one used to assemble the 
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gold-plated Kovar packages was fabricated to accommodate the smaller ceramic 
packages, and smaller teflon coated steel backing plates were made. The same 
cleaning procedure as that described in Section 2.1.2 was used for the gold- 
plated Kovar packages. The ceramic packages were cleaned by brushing them in 
toluene and isopropyl alcohol and then spray rinsing them with Freon IF. This 
cleaning procedure was selected because of the necessity of pretesting the 
ceramic boxes to be sure that they did net contain cracks or holes. Testing was 
performed using a helium-leak detector and required the use of Apiezon N grease 
on the risits of the packages to form a temporary seal. Since any residual Apiezon 
N would degrade the adhesive seals, it had to be completely removed. Toluene 
proved to be a very effective solvent for this purpose. 

The remainder of the package processing and sealing procedures were the 
same as those described in Section 2,1.2, except that the vent holes in the 
ceramic packages were sealed with Epo-Tek H7T. The cure schedules and clamping 
pressures used in preparing these packages also were the same as those used pre- 
viously in preparing packages for the temperature-humidity evaluation effort. 

4 2 

Clamping pressures applied during cure were approximately 7.G x 10 N/m 

5 2 

(10 psi) for the paste adhesives, and 1.1 x 10 N/m (16 psi) for the film 
adhesive. Curing schedules were: 


Ablefilm 507 
Ablebond 36-2 
Epo-Tek H77 
Ablebond 789-1 


70 Minutes at 175°C 
40 Minutes at 1S0°C 
30 Minutes at 150°C 
2 Hours at 170°C 


2.2.2 Comments on Ceramic Packages and Cleaning Methods 

Initial seal testing of the first group of adhesive-sealed ceramic packages 
revealed that 16 of 48 were Cj gross leakers with the leaks occurring not at 
the seal area, but through the center portion of the bottom of the ceramic- 
packages. This was unexpected since the packages were bought from 3M (American 
Lava Division) in accordance with an existing company specification. As a 
result Of this experience, it was decided to pretest the ceramic packages for 
hermeticity. Testing of 200 packages showed that approximately 50% failed. 
Apparently small holes or cracks existed due either to inadequate compaction 
of the alumina or a poorly controlled firing schedule. The significance of 
this unexpected situation is that it flags a problem area associated with the 
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use of ceramic packages. The situation experienced may not be typical but it 
does indicate that a large portion of a t-tch of ceramic packages can be leakers, 
and that pretesting should be considered by manufacturers using ceramic packages 
in order to minimize their circuit rework or rejection rates (and associated costs). 

Since the present method for cleaning the gold-plated Kovar packages and 
lids (lightly scrubbing them successively in deionized water, acetone, and 
isoprcpanol and spray rinsing with Freon TF) was arbitrarily selected and is 
time consuming, it was decided to clean them using the simple, standard, auto- 
mated procedure of successively immersing them in four ultrasonically-agitated 
Freon TF baths followed by a Freon TF vapor rinse. Packages were cleaned by 
this method and 12 each were sealed with Ablebond 36-2 and Epo-Tek H77. Initial 
seal testing of the packages showed that all 24 were gross leakers. At this 

point, packages were cleaned by the original method and 12 each sealed with 
Ablebond 36-2 and Epo-Tek H77. Of this group, 23 passed the seal test (one 
package sealed with Ablebond 36-2 w;is a gross leaker). On this basis, it 
was decided to retain the original cleaning method. It is felt that the demon- 
strated supericrity of the method, used is essentially due to the effectiveness 
of acetone and isopropanol in removing fingerprint contamination accumulated 
during handling (particularly when the small holes are drilled in the lids). 

2.2.3 Results for Thermal Shock Testing 

Results for the packages subjected to 15 cycles of thermal shock between 
-i55°C and -*-150°C (MIL-STD-883A, Method 1011.1, Test Condition C) are given in 
Tables 9 and 10. As shown, all ceramic packages retained their seal integrity 
after exposure to this environment, but all the gold-plated Kovar packages 
failed except those that were seam sealed and five of the six that were sealed 
with Ablefilm 507. The other Ablefilm 507 sealed package had a fine leak rate 
of 1.6 x atm cc/sec (air equivalent) similar to the fine leak rates of those 
that retained their seal integrity, and also passed the C-j gross leak test, but 
vvu' round to c? a gross leaker when tested in accordance with Test Condition C^. 

All the Abletond 36-2 and Epo-Tak H77 sealed gold-plated Kovar packages were C^ 
qross leakers./rhile one of those sealed with Ablebond 789-1 was a C-j gross leaker 
avid tne other five were C 2 gross leakers. 
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Table 9. Effect of Thermal Shock on Seal Integrity 
of Gold-Plated Kovar Packages 


Leak Rate 


Adhesive 
Package Number 

Initial 
Lesk Pate 
Air Equivalent 
(it’ii cc/sec) 

After Thermal Shock 
15 Cycles (-65°C, +150°C) 
Air Equivalent 
(atm cc/sec) 

Ablefilm 507 
1 

9.8 x 10' 8 


2 

1.2 x 10' 7 

1.9 x IQ* 7 

3 

9.2 x IO* 8 

'1.9 x IO* 7 

* 

9.6 x IQ’ 8 

-U 

X 

o 

1 

5 

8.4 x 10' 8 

1.8 x IO* 7 

6 

7.4 x 10' 8 

1 .6 x 10" 7 ,. Gross (C^ ) 

Ablebond 36-2 
1 

2.1 x IO' 7 

2.6 x IO* 7 , Sross (C, ) 

2 

1.5 x 1U* 7 

>3.0 x 10* 5 , Gross (C,) 
>3.0 x IO* 8 , Gross (Cj) 

3 

1.9 x 10* 7 
1.5 x 10' 7 

4 

>3.0 x 10* 8 , Gross (C^) 
4.2 x 10* 7 . Gross (C,> 

5 

1.7 x 10' 7 

6 

1.2 x 10* 7 

2.3 x 10' 7 , Gross (C^) 

Epo-Tek H77 



1 

5.0 x 10' 8 

>3.0 x 10' 6 . Gross (C 1 ) 

2 

6.8 x IO* 8 

Ltd came off during fine leak test 

3 

2.2 x IO* 3 

6.8 x 10* 8 , Gross (C,) 
>3.0 x 10* 6 , Gross (C,) 

4 

3.6 x 10‘ 8 

5 i 

5.6 x IO* 3 

>3.0 x IO* 6 , Gross (Cj) 
1.5 x 10* 8 , Gross (C, > 

5 

1.4 x IO* 3 

Ablebond 789-1 



1 

1.9 x 10' 7 

>3.0 x ID* 6 . Gross (Cj) 

2 

1.8 x 10' 7 

>3.0 x iO* 6 , Gross (C 2 ) 

3 

1 .0 x IQ* 7 

>3.0 x IO* 5 , Sross (C,) 
>3.0 x IO* 6 , Gross (Cj) 

4 

8.0 x 10* 8 

5 

4.9 x 10* 8 

>3.0 x IO* 6 , Gross (C 2 ) 

6 

4.2 x 10' 8 

>3.0 x 10* 6 , Gross (C.) 

Sean Sealed 

1 

<1.0 x IO* 9 

3.4 x 10* 9 

2 

<1.0 x IQ* 9 

2.6 x It)* 9 

3 

<1.0 x 10* 9 

3.4 x ID* 9 

4 

<1 .0 x iO* 9 

3.6 x IO* 9 

S 

<1.0 x IO' 9 

4.0 x 10* 9 

6 

<1.0 x IO' 9 

2.0 x IO* 9 
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(able 10. Effect of Thermal Shock on Seal Integrity 
of Ceramic Packages 


Adhesive 
Package Number 

Initial 
Leak Rate 
Air Equivalent 
(atm cc/sec) 

Leak Rate 

After Thermal Shock 
15 Cycles (-65°C, +150 l -C) 
Air Equivalent 
(atm cc/sec) 

Ablefilm 507 



1 

1.3 x 10" 7 

1.5 x 10" 7 

2 

2.8 x 10" 8 

9.2 x 10" 8 

3 

2.4 x 10~ 8 

1 .4 x TO" 7 

4 

4.0 x IQ" 8 

1.6 x 10“ 7 

5 

1.6 x 10" 7 

1.0 x 10" 7 

6 

2.0 x 10~ ? 

1.6 x 10" 7 

Ablebond 36-2 



1 

1.0 x IQ' 7 

2.2 x 10" 7 

2 

1 .2 x 10' 7 

1 .6 x 10" 7 

3 

1.0 x 1C" 7 

, t 

•** 

X 

o 

1 


7.6 x 10‘ 8 

1.8 x 10' 7 

5 

5.8 x 10" 8 

6.5 x 10" 8 

6 

8.0 x 10" 8 

1.0 x 10' 7 

Epo-Tek H77 
1 

5.0 x 10" 8 

2.2 x 10" 8 

2 

5.0 x 10‘ 8 

3.4 x 10" 8 

3 

1.3 x I0" 7 

6.8 x 10" 8 

4 

3.4 x 10' 8 

2.6 x 10" 8 

5 

6.8 x 10" 8 

6.0 x 10‘ 8 

6 

9.2 X 10" 8 

9.0 x TO" 8 

Ablebond 789-1 



1 

1.8 x 10* 7 

1 .7 x 10" 7 

2 

1.7 x 10' 7 

1.6 x 10" 7 

3 

6.5 x I0" 8 

1.5 x 10" 7 

4 

1.5 x 10' 7 

1.1 x 10" 7 

5 

1 .2 x 10' 7 

1 .2 x 10" 7 

6 

7.4 x 10' 8 

— i 
• 

--4 

X 

o 

1 

'■'J 
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It is felt that the explanation of the contrasting results obtained for 
the ceramic and the gold-plated Kovar packages lies simply in the well-known 
fact that adhesives form a stronger bond with alumina than they do with gold. 

The result not so easily explained is that the gold-plated Kovar packages sealed 
with the film adhesive retained their seal integrity while those sealed with the 
three paste adhesives did not. A possible explanation is that the bond lines 
were adhesive starved in the case of the paste adhesives due to excessive clamping 
pressure, whereas this could not be the case for the film adhesive since it has a 
0.005 cm (2 mil) glass carrier. 

The measured fine-leak rates are given for all gold-plated Kcvar packages 
including those which were subsequently found to be gross leakers. This has 
been done to emphasize two points. First, some packages which pass the fine- 
leak test are subsequently found to be gross leakers when subjected to the con- 
ditions of the gross-leak tests. As shown in Table 9, this is the case for 
Package 6 sealed with Ablefilm 507, Packages 1, 5 and 6 sealed with Ablebond 36-2, 
and Packages 3 and 6 sealed with Cpo-Tek H77. Second, the Cg gross-leak test 
is a more sensitive test than the gross-leak test and consequently, gross 
leakers that may escape detection by the test are often caught by the C 2 
test. (this is the case for Package 6 sealed with Ablefilm 507). These results 
substantiate the well known fact that both fine and gross leak tests are neces- 
sary to assure that seals of adequate strength and integrity are obtained. 

2.2.4 Results for Temperature Cycling Testing 

Results for the packages temperature cycled in accordance with M1L-STD-883A, 
Method 1010.1, Test Condition C {15 cycles between -65°C and +150°C) are given 
in Tables 11 and 12. All the adhesive sealed ceramic packages retained their 
seal Integrity. However, all the adhesive sealed gold-plated Kovar packages 
failed except those sealed using Ablefilm 507. 

In review, both the results of the effect of thermal shock on seal integrity 
and the effect of temperature cycling on seal integrity show that ceramic packages 
sealed with all four selected adhesives (Ablefilm 507, Ablebond 3S-2, Epo-Tek H77 
and Ablebond 739-1) retain their seal Integrity after exposure to these environ- 
ments, but the only gold-plated Kovar packages that retain their seal integrity 
after these exoosures are those that were seam sealed and those sealed with Able- 
film 507. It was felt that perhaps the failure of the paste adhesives on the 
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Table 11. Effect of temperature Cycling on Seal Integrity of 
Gold-Plated Kovar Packages 
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Table 12. Effect of Temperature Cycling on 
Seal Integrity of Ceramic Packages 


Adhesive 
Package Number 

Initial 
Leak Rate 
Air Equivalent 
(atm cc/secj 

. , _ Leak Rate 

After Temperature Cycl ing ! 
15 Cycles (-65°C, +150 a C) 
Air Equivalent 
(atm cc/sec) 

Ablefilm 507 

1.6 x 10' 8 


7 

2.C x IQ' 7 

8 

9.0 x 10’ 8 

2.8 x 10' 7 

9 

2.1 x 10' 8 

1 .3 x 10' 7 

10 

1.4 x 10" 8 

1.2 x 10" 7 

11 

1.7 x 10“ 7 

2.5 x 10" 7 

12 

2.8 x 10“ 8 

2.0 x 10‘ 7 

Ablebond 36-2 

8.2 x 10' 8 


7 

2.3 x 10' 7 

8 

8.4 x 10' 8 

2.3 x 10' 7 

9 

3.4 x 10' 7 

3.0 x 10' 7 

10 

9.4 x 10' 8 

2.4 x 10' 7 

11 

3.8 x 10" 8 

1.1 x 10' 7 

12 

7.2 x 1C' 8 

2.0 x 10" 7 

Epo-Tek H77 



7 

1 .0 x 10' 7 

1.8 x 10" 7 

8 

1.5 x 10" 8 

8.4 x IQ* 8 

9 

2.5 x 10' 8 

1.0 x 10" 7 

10 

1.6 x IQ' 8 

8.7 x 10" 8 

11 

1 .0 x 10" 8 

4.9 x 10' 8 

12 

1 .2 x 10' 8 

5.6 x 10" 8 

Ablebond 789-1 



7 

1.1 x 10' 7 

1.5 x 10‘ 7 

8 

2.0 x 10" 7 

7.7 x 10' 8 

9 

1.0 x 10' 7 

, -*-7 

1.0 X IU 

10 

7.6 x 10' 8 

8.3 x 10' 8 

11 

1.6 x 10“ 7 

9.6 x 10" 8 

12 

1.0 x 10' 7 

7.6 x 10' 8 
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gold-plated Kovar packages was due to the fact that the clamping pressure of 
7.0 x 10^ N/M^ (10 psi) applied during cure was too great resulting in adhesive 
starvation of the bond lines. To investigate this possibility, twelve gold- 
plated Kovar packages were sealed using Epo-Tek H77 with a clamping pressure 
of only 3.5 x 10 N/m (5 psi) applied during cure. Initial seal test results 
for these packages are given in Table 13. As shown, all the packages except 
one which had a gross leak at the breather hole in the lid had low fine-leak 
rates. However, irrmersion in the 125°C fluorocarbon indicator fluid, as required 
in the Cl gross-leak test, caused sufficient pressure buildup in the packages to 
cause the seals to rupture after approximately 30 seconds, -esulting in gross 
leakers. Apparently, seals formed with such a low clamping pressure used during 
cure have an even lower bond strength than those formed with the higher clamping 
pressure. 

2-2.5 Results for Mechanical Shock Testing 

Results for the packages that were mechanically shocked per H1L-STD-883A, 
Method 2002.1, Test Condition B (i.e., five ISOOg shock pulses in the Y-j plane), 
are given in Tables 14 and 15 for the gold-plated Kovar and ceramic packages, 
respectively. As noted in Table 14, attempts to seal gold-plated Kovar packages 
with Epo-Tek H77 were unsuccessful. Two attempts were made: one with the 
adhesive used to seal previous packages and one with fresh adhesive. Fine-leak 
testing indicated that all packages had leak rates In the low 10~° atm cc/sec 
{air equivalent) range. However, during the C-j gross leak test, all but four 
developed gross leaks after 15 to 60 seconds immersion in the 125°C test fluid. 
Apparently, the seals are good initially but the bond strength is so weak at 
125°C that the internal pressure built up at this temperature is sufficient to 
rupture them. 

Since the purpose of this test was to determine the effect of mechanical 
shock on the lid to package seal, the packages had to be held in such a way 
that the lids were unrestrained. This was accomplished by bonding the packages 
{bottom down) to 5/32 inch thick aluminum tabs using Ablefilm 529. These 
aluminum tabs were then clamped in a fixture so that the packages were free. 

This mounting method is essential for proper execution of the test; however, 
it does have an undesirable effect in that the adhesive used to mount the 
packages adsorbs or absorbs helium during bombing and subsequently releases 
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Table 13- Seal Test Results for Gold-Plated Kc-ar Packages 
Sealed With Reduced (3.5 x 10^ N/m2 or 5 psi) 
Clamping Pressure Applied During Cure 


| Adhesive 

Package Number 

Initial 
Leak Rate 
Air Equivalent 
(atm cc/secj 

Epo-Tsk K77 

1 

q 

5.6 x 10 , Gross (C-, ) 

2 

5.2 x 10“ 9 , Gross {0, ) 

3 

1.4 x 10" 8 , Gross (C^ 

4 

7.9 x 10“ 9 , Gross (C.,) 

5 

4.6 x IQ” 9 , Gross (C^) 

6 

8.7 x 10” 9 , Gross (C } ) 

7 

7.4 x 10’ 9 , Gross (C^) 

8 

6.1 x 10" 9 , Gross (C,) 

9 

6.3 x 10“ 9 , Gross (C-j) 

10 

9.4 x 10"’ 9 , Gross (C-j) 

11 

5.0 x 10” 9 , Gross (C-j) 

12 

Gross Leak at 
Breather Hole 
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Table 14. Effect of Mechanical Shock on Seal Integrity 
of Gold-Plated Kovar Packages 


Adhesive 
Package Number 

Initial 
Leak Rate 
Air Equivalent 
(atm cc/sec) 

Leak Rate After 
Mounting Packages 
On Aluminum Tabs 
Air Equivalent 
(atm cc/sec) 

Leak Rate After 
Mechanical Shock 
5 Shocks at 1500 g's 
Air Equivalent 
(atm cc/sec) 

Ablefilm 507 




13 

1.4 x 10~ 7 

1.3 x IQ' 7 

1.8 x 10" 7 

14 

1.6 x 10" 7 

1.4 x 10' 7 

1.6 x 10" 7 

IS 

1.8 x 10" 7 

1.8 x IQ" 7 

2.0 x 10" 7 

15 

2.8 x 10‘ 7 

1.3 x 10" 7 

2.0 x 10“ 7 

17 

2.0 x 10 -7 

1.6 x 10' 7 

2.0 x 10" 7 

18 

1 .4 x 10" 7 

1.5 x 10’ 7 

1.8 x 10" 7 

Ablebond 36-2 




13 

2.8 x 10" 7 

2.1 x 10" 7 

Gross (Cg) 

14 

2.7 x 10" 7 

2.5 x 10" 7 

Gross (C 2 ) 

15 

2.2 x 10" 7 

2.4 x 10" 7 

1.9 x 10" 7 

16 

2.0 x 10' 7 

1.7 x 10" ? 

1.4 x 10" 7 

17 

1.7 x 10' 7 

1.9 x 10" 7 

1.6 x It" 7 

18 

2.2 x 10" 7 

2.4 x TO -7 

. 2.0 x 10" 7 

Epo-Tek H77 

Attempts to seal p 

ackages with Epo-Tek H77 y&re unsuccessful [ 


(i.e., packages se 

aled with this adhesi 

ve failed gross C-| testi 

Ablebond 789-1 

4.0 x 10" 8 


13 

2.5 x 10" 7 

1.8 x 10~ 7 

14 

1.6 x 10' 8 

1.1 x I0" 7 

1.4 x 10" 7 

15 

1.8 x 10" 8 

1.3 x IQ" 7 

3.8 x 10‘ 8 

16 

1.3 x 10' 8 

1.3 x 10" 7 

9.4 x 10‘ 8 

17 

8.2 x 10" 9 

8.9 x 10" 8 

7.3 x 10" 8 

18 

5.2 x 10' 9 

3.4 x 10" 8 

3.3 x 10' 8 

Seam Sealed 




13 

1.1 x 10" 9 

4.0 x 10" 8 

7.6 x 10" 8 

14 

<1.0 x 10‘ 9 

2.6 x 10" 8 

4.0 x 10" 8 

15 

1.3 x 10* 9 

2.3 x 10" S 

3.6 x 10" 8 

16 

<1.0 x IQ" 9 

3.0 x 10’ 8 

4.7 x 10~ ? 

17 

<1.0 x 10' 9 

1.4 x 10‘ 8 

2.4 x 10' 8 

18 

1.5 x 10" 9 

3.4 x 10" 8 

4.5 x 10" 8 
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Table 15. Effect of Mechanical Shock on Seal Integrity 
of Ceramic Packages 


Adhesive 
Package Number 

Initial 
Leak Rate 
Air Equivalent 
(atm cc/sec) 

leak Rate After 
Mounting Packages 
On Aluminum Tabs 
Air Equivalent 
(atm cc/sec) 

Leak Rate After 
Mechanical Shock 
5 Shocks at 1500 g's 
Air Equivalent 
(atm cc/sec) 

Ablefilm 507 




13 

1.3 x 10" 7 

1.6 x 10' 7 

1.8 x 10' 7 

14 

1.8 x 10' 7 

1.3 x 10" 7 

1.6 x 10" 7 

15 

6.4 x 10' 8 

1.2 x 10" 7 

1.2 x 10" 7 

16 

1.2 x 10* 7 

1.5 x 10" 7 

1.3 x 10" 7 

17 

8.4 x 10' 8 

1 .4 x 10' 7 

1.4 x 10" 7 

18 

1.7 x 10' 7 

i 

o 

X 

cn 

1.9 x 10" 7 

Ablebond 36-2 




13 

1.5 x ID" 7 

2.1 x 10" 7 

2.9 x 10’ 7 

14 

3.2 x 10’ 7 

2.9 x 10" 7 

2.8 x 10' 7 

15 

1.1 x ID" 7 

2.1 x 10' 7 

2.0 x 10" 7 

16 

1 .1 x 10" 7 

2.2 x 10" 7 

2.5 x 10~ 7 

17 

2.3 x 10“ 7 

3.5 x 10" 7 

2.9 x 10" 7 

IS 

1 .0 x 10' 7 

3.0 x 10 -7 

3.0 x 10“ 7 

Epo-Tek H77 




13 

1.2 x 10" 7 

1.9 x 10 _/ 

2.1 x 10' 7 

14 

1.3 x 10" 7 

1.9 x 10" 7 

2.0 x 1G" 7 

15 

1 .1 x 1(j" 7 

1.4 x 10~ 7 

2.0 x 10~ 7 

16 

6.0 x 10" 8 

1.9 x 10" 7 

2.0 x 10" 7 

17 

3.8 x 10" 8 

1.4 x 10" 7 

1 .5 x TO' 7 

18 

2.3 x 10~ 8 

1.6 x 10" 7 

1,6 x 10' 7 

Ablebond 789-1 

5.4 x 10" 8 



13 

1.6 x 1C" 7 

1 .9 x 10" 7 

14 

3.2 x 10" 7 

2.0 x 10" 7 

1 .9 x 10' 7 

15 

1.3 x 10" 7 

1.3 x 10" 7 

1.5 X 10" 7 

16 

9.5 x 10' 8 

1.5 x 10" 7 

i .6 x 10' 7 

17 

1.0 x 10" 7 

1.4 x 10" 7 

1.5 x 10' 7 

13 

9.5 x 10" 8 

1.6 x 10" 7 

1.4 x 10" 7 
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it, increasing the apparent fine leak rate. To allow for this, the packages 
were fine-leak tested after they were mounted on the aluminum tabs. These 
results are given in Column 3 of Tables 14 and 15, and are the leak 
rates that should be compared to those obtained after the packages were 
mechanically shocked in order to determine the effects of this test environment 
on retention of seal integrity. The increase in apparent leak rate, due to the 
release of adsorbed or absorbed helium from the adhesive used to mount the 
packages (In this case four-mil thick Ablefilm 529) can be determined by com- 
paring the results given in Columns 2 and 3 of Table 14 for the seam-sealed 
gold-plated Kovar packages. This comparison indicates that the helium released 

from the mounting adhesive during fine-leak testing is equivalent to a leak rate 

•8 

in the low (1.5 to 4)10 atm cc/sec (air equivalent) range. In general, this 
is negligible compared to the measured leak rates (low 10 atm cc/sec air 
equivalent range) of the adhesive-sealed packages and to the variation in the 
repeatability of fine-leak rate measurements. 

Comparing the last two columns of Tables 14 and IS shews that only two 
packages failed after mechanical shock, gold-plated Kovar Packages 13 and 14 
sealed with Ablebond 36-2. However, it is not conclusive that these packages 
failed as a result of mechanical shock. These packages showed fine-leak rates 
a^ter shock cf 1.7 x 10" 7 and 1.9 x IQ’ 7 atm cc/sec (air equivalent), respec- 
tively (similar to the leak rates of the other four packages sealed with this 
adhesive), and passed the C-| gross leak test but showed as C,, gross leakers. 

A later gross leak test showed that Package 13 was now a gross leaker 
but that Package 14 was not, Previous experience with gold-plated Kovar pack- 
ages suggests that the failure of these packages may have bnen due to the stress 
of the C.j and gross-leak tests rather than as a result of exposure to the 
mechanical shock environment. In any case, the fact that the adhesive failed, 
indicates that it is inadequate for sealing gold-plated Kovar packages. 

2.2.6 Results for Constant Acceleration Testing 

Results for the packages that were subjected to constant acceleration per 
ML-STD-883A, Method 2001.1, Test Condition A (i.e., 5,Q00g‘s in the Y-j plane) 
are given in Tables 16 and 17. As in the case of the mechanical shock test, 
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Table 16. Effect of Constant Acceleration on Seal Integrity 
of Gold-Plated Kova. - Packages 


Adhesive 

Initial 

Leak Rate After 
Mountinq Packages 

Leak Rate 

After Constant Accel . 


Leak P.ate 

On Aluminum Tabs 

at 5000 g’s 

Package Number 

Air Equivalent 

Air Equivalent 

Air Equivalent 

(atm cc/sec) 

(atm cc/sec) 

(atm cc/sec) 


Ablefilm 507 

19 

20 
21 
22 

23 

24 

Ablebond 36-2 

19 

20 
21 
22 

23 

24 

Epo-Tek H77 


Ablebond 789-1 

19 

20 
21 
22 

23 

24 

Seam Sealed 

19 

20 
21 
22 

23 

24 


1 . y ?! 10 
2^0 it 10"^ 
2.3 x 10, 
2.0 x 10 - ' 
1.6 x 10"' 
1.9 x 10"' 


1.2 x 10“ 

9.0 x 10“ 
1.2 x 10' 

8.1 x 10“ 

1.2 x 10' 
9.8 x 10' 




4.8 x 10 

6.0 x 10' 

5.6 x 10' 

5.1 x 10* 

3.6 x 10" 


<1 .0 x 10“ 
1.2 x 10“ 
<1 .0 x 10“ 
<1.0 x 10“ 
1.1 x 10“ 



9.4 x 10 

9.5 x 10 
1 .0 x 10 

9.6 x 10 
7.8 x 10 
9.6 x 10 


1.0 x 10 
7.8 x 10 

1 .2 x 10 

8.0 x 10 
7.6 x 10 

1.3 x 10 


Attempts to seal packages with Epo-Tek H77 were 
unsuccessful (i.e., packages sealed with this 
adhesive failed gross Cj testing) 


6.7 x 10" 
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Table 17. Effect of Constant Acceleration on 
Seal Integrity of Ceramic Packages 


Adhesive 
Package Number 

Initial 
Leak Rate 
Air Equivalent 
(atm cc/sec) 

Leak Rate After 
Mounting Packages 
on Aluminum Tabs 
Air Equivalent 
(atm cc/sec) 

Leak Rate . 

Aftar Constant Accel . 
at 5000 g's 
Air Equivalent 
(atm cc/sec) 

Ablefilm 507 




19 

2.2 x 10 _/ 

4.0 x 10" 7 

3.0 x 10' 7 

20 

1.2 x 10" 7 

4.4 x 10“ 7 

3.6 x 10' 7 

21 

9.5 x 10' 8 

3.3 x 10" 7 

3.0 x 10' 7 

22 

7.5 x 10' 8 

3.2 x 10" 7 

2.S x 10" 7 

23 

1.1 x 10~ 7 

3.2 x 10" 7 

3.0 x 10" 7 

24 

8.8 x 10" 8 

4.4 x ID' 7 

4.7 x 10‘ 7 

Ablebond 36-2 




13 

1.2 x 10 _/ 

5,8 x 10" 7 

3.7 x IQ" 7 

20 

1.6 x 10" 7 

6.0 x 10' 7 

5.6 :< 10" 7 

21 

1.9 x ID' 7 

6.6 x 10" 7 

5.0 x 10' 7 

22 

1.1 x 10" 7 

4.4 x TO" 7 

3.8 x 10' 7 

23 

9.8 x 10“ 8 

3.8 x 10" 7 

4.4 x 10" 7 

24 

1.0 x IQ" 7 

5.8 x 10" 7 

5.6 x 10" 7 

Epo-Tek H77 
19 

5.3 x 10" 8 

1.3 x 10" 6 

3.6 x 10" 7 

20 

1.9 x 10~ 7 

1.4 x 10' 6 

4.0 X 10' 7 

21 

3.7 x 10 -8 

5.6 x 10‘ 7 

2.3 x 10" 7 

22 

6.2 x 10" 8 

5.3 x 10" 7 

2.2 x 1G" 7 i 

23 

4.2 x 10" 8 

6.0 x 10 -7 

2.2 x 10" 7 | 

24 

1.7 x 10" 8 

5.4 x 10' 7 

2.5 x lO" 7 j 

Ablebond 789-1 



t 

1 

19 

1 .2 x 10"' 

3.2 x 10"' 

2.0 x 10" 7 

20 

3.3 x 10~ 3 

3.2 x 10" 7 

2.7 x 10" 7 j 

21 

2.8 x 10" 8 

3.2 x 10" 7 

2.6 x !0" 7 j 

22 

1.4 x 10" 8 

3.0 x 10" 7 

2.1 x 10" 7 | 

23 

1 .6 x 10" 8 

4.2 x 10“ 7 

3.4 x 10' 7 j 

24 

2.1 x 10' 8 

3.0 x 10" 7 

2.6 x 10" 7 i 

i 
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the packages had to be held so that the lids were free, so again the packages 
were bonded bottom down on 5/32 inch thick aluminum tabs using four-mil thick 
Ablefilm 529. 

Comparison of the initial leak rates and the leak rates after mounting 

for the seam-sealed gold-platec. Kovar packages, indicates that the helium 

released from the mounting adhesive during fine-leak testing is equivalent to 

-A 

a leak rate in the low (1.5 to 5)10 atm cc /sec (air equivalent) var.ge. This 

-8 

agrees with the corresponding range of 1.5 to 4 x 10 atm cc/sec (air equiva- 
lent.) four*,? for the packages that were mechanically shocked. As previously 
stated, this leak rate is negligible in comparison with the measured leak rates 
[low IQ" 7 atm cc/sec (air equivalent) range] of the adhesive-sealed packages 
and the variation in the repeatability of fine-leak rate measurements. 

The only packages that failed the 6,Q00g's constant acceleration test were 
the gold-plated Kovar packages sealed with Ableband 36-2. Five of the six 
packages failed. The lids came off three of the packages during test, and of 
the others subsequent leak testing showed one to be a fine leaker and one to 
be a gross leaker. Gold-plated Kovar packages sealed with Epo-Tek H77 were 
not tested because, as previously noted, attempts to seal these packages were 
unsuccessful . 

2.2.7 Results for Temperature Aging Testi ng 

Results for the packages exposed to a 125°C dry nitrogen environment for 
240 hours are given in Tables 18 and 19. This test was selected to correspond 
to the temperature/ time requirement associated with the burn-in test per KIL- 
STD-833A, Method 1015.1. All of the ceramic packages sealed with the four 
different adhesives, the gold-plated Kovar packages sealed with Ablebond 789-1, 
and the seam-sealed gold-plated Kovar packages retained their seal integrity 
after this exposure. However, the golJ-plated Kovar packages sealed with Able- 
film 507 and Ablebond 36-2 did not. Epo-Tek H77 again was not tested on the 
gold-plated Kovar packages because attempts to seal these packages with this 
adhesive were unsuccessful. As noted in Table T8, this also was the case for 
three of the six gold-plated Kovar packages sealed with Ablebond 36-2. 


- 43 - 



C76-597/201 


Table 18. Effect of Temperature Aging on Seal 

Integrity of Gold-Plated Kovar Packages 


Adhesive 

| Package Number 

initial 
Leak Rate 
Air Equivalent 
(atm cc/sec) 

Leak Rate After ' 

TemDerature Aging i 

for 240 Hrs. at 125 Q C i 

(atm cc/sec) i 

i - 

Ablafii.'? 507 

7 


25 

1 .3 x 10 ", 

Gross (Ci ) 

26 

1 .4 x 10"' 

Gross (Cl) 

27 

1 .6 x io"; 

2.0 x 10-7 

28 

l.s x io - ; 

Gross (Cn) 
Gross (c{) 
Gross (C^) 

29 

1 .8 x 10"' 

30 

1 .6 x 1C"' 

Ablebond 36-2 

4.0 x 1Q-J 

i 

25 

Gross (Ci ) 

Gross (C-j ) | 

26 

1.2 x 10 _/ 

27 

* 

28 

3.0 x 10“' 

Gross (C-,) 

29 

* 

30 

* 


Epo-Tek H77 

Attempts to seal packages with Epo-Tek 


K77 were unsuccessful (i.e., packages ! 


sealed with this a 
gross C 2 testing) 

dhesive failed j 

Ablebond 78S-1 

1 .7 x 10"? 
1 .7 x 10"° 
1.0 x 10"® 


25 

1.4 x 10i i 

8.4 x 10"® ; 

2.8 x 10*® ! 

26 

27 

28 

7.8 x 70" 9 
1.2 x 10"® 

3.0 x 10"° 

29 

4.0 x 10"® 
6.2 x 10” a 

30 

3.6 x 10" 9 

Seam Sealed 



25 

<1 .0 x 10" 9 

1.0 x 10~ 9 

26 

<1.0 x 10“ 9 

<1 .0 x 10“ 9 ' 

27 

<1.0 x IO" 9 

<1 .0 x 10" 9 ! 

28 

<1.0 x 10" 9 

<1.0 x 10' 9 ; 

29 

<1.0 x 10* 9 

<1 .0 x lC“o 1 

30 

<1.0 x 10" 9 

<1.0 x 10" 9 

i 


*These packages failed gross C 2 testing 
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Table 19. Effect of Temperature Aging on Seal 
Integrity of Ceramic Packages 
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2.2.8 Results of Sequential Testing 

The results obtained for the packages subjected sequentially to the 
specified test environments are given in Tables 20 and 21 for the gold-plated 
Kovar and ceramic packages, respectively. As shown in Table 20, none of the 
adhesive sealed gold-plated Kovar packages survived the sequential exposure. 

Only those sealed with Ablefilm 507 passed thermal shock (5 of 6 packages), 
but even these (4 of the remaining 5 packages), subsequently failed temperature 
cycling. Contrarily, a review of Table 21 indicates that all ceramic packages 
sealed with all four adhesives passed the sequential exposure. In reviewing 
the data, it Is important to recall that the packages had to be mounted bottom 
down on aluminum tabs to perform, the mechanical shock and constant acceleration 
tests. In this case, five-mil thick Ablefilm 529 was used rather than four-mil 
thick Ablefilm 529 as was used previously (Sections 2.2.5 and 2.2.6). This was 
somewhat unfortunate because comparison of the measured leak rates of the seam- 
sealed gold-plated Kovar packages before and after the packages were mounted 
on the aluminum tabs, indicates that with the thicker mounting adhesive, 
the adsorbed and absorbed helium released during fine-leak testing is 
equivalent to a leak rate of about 2 or 3 x 10~ 7 atm cc/sec (air equivalent!. 

In contrast to the conclusion of the discussion of this subject in Sections 
2.2.5 and 2.2.6, this value is not negligible in comparison with the measured 
leak rates of the adhesive sealed packages. As a result, the apparent leak rates 
for all of the packages are increased. However, comparison of the indicated 
leak rates after the packages were mounted on the aluminum tabs with those 
obtained after the packages were subsequently subjected to mechanical shock, 
constant acceleration, and temperature aging shows that the seal integrity of 
the packages was not degraded. 

2.2.9 Summary of MIL-STD-883A Testing 

A sunmary of the results obtained from this evaluation is given in Tables 
22 and 23 for the individual and sequential exposures, respectively. The data 
are simplified by using an "X" to indicate the packages that retained their seal 
integrity and a dash (-) to indicate those that did not. The asterisks (*) indi- 
cate that packages were not tested since attempts to seal them were unsuccess- 
ful. The two important results evident from these tables are the following: 
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Table 20. Effect of Sequential Testing per MIL-STD-883A, Method 5004.2, Class A, 
Test Environments on Seal Integrity of Gold-Plated Kovar Packages 
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♦Lid came off during fine leak test. 














Table 21. Effect of Sequential Testing per MIL-STS-883A, Method 5004.2, Class A, 
Test Environments on Seal Integrity of Ceramic Packages 
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Table 22. Simplified Summary of Results of Individual Testing 

Per MIL-STD-883A, Method 5004.2, Class A Test Environments 
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Table 23. Simplified Summary of Results of Sequential Testing Per 
MIL.-STD-883A, Method 5004.2, Class A Test Environments 
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= Package retained seal integrity 
■ Package was gross leaker 
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(1) All ceramic packages sealed with all four adhesives retained their 
seal integrity after exposure to all test environments, both 
individually and sequentially. 

(2) None of the adhesive sealed gold-plated Kovar packages survived 
sequential exposure to the test environments. Only those sealed 
with Ablefilm 507 survived thermal shock but subsequently failed 
temperature cycling. 

On the basis of these results. It is reconwended that no further consider- 
ation be given to adhesive sealing gold-plated Kovar packages. 

2.2.10 Selection of Best Adhesive - Package Combination for the Moisture 
Permeation Study 

From the summary of the results of this effort giver: in the last section 
(2,2.9), it is obvious that the ceramic package is the proper package choice 
for the moisture permeation study. However, since all four of the adhesives 
performed equally well with the ceramic packages, there is no reason to select 
one aver the others. Also, since the previous evaluation of the effect of temp' 
erature-humidity exposures on the seal integrity of adhesive sealed packages 
discussed in Section 2.1 was performed using gold-plated Kovar packages, it is 
felt that the results might not be completely valid for ceramic packages, and 
should not be used as the basis for further selection among the four candidate 
adhesives. As a result, ceramic packages sealed with these adhesives were sub- 
jected to the two most severe temperature-humidity exposures previously used 
(ten days at 60°C/9&£ RH and ten days at 85°C/85£ RH) and seal tested. 

Results for the packages subjected to ten days at 60°C/98S RH are 
given in Table 24. A 1 ! packages passed (i.e., retained their seal integrity). 
The packages used for this tost had previously been temperature cycled for 15 
cycles between -55°C and +150°C. 

Results for the packages subjected to ten days at 85°C/85% RK are 
given in Tables 25 and 26. The packages in Table 25 had previously been temp- 
erature cycled for 15 cycles between -65°C and +150°C. All of these packages 
passed the fine and gross leak tests. However, all three of the packages 
sealed with Ablefilm 507 and one each sealed with Ablebond 36-2 and Epo-Tek H77 
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Table 24. Effect of Ten Days Exposure at 
6G°C/982 RH on Adhesive Sealed 
Ceramic Packages 


Adhesive 
Package No. 

Leak Rate 
Before Exposure 
Air Equivalent 
(atm cc/sec) 

Leak Rate 
After Exposure 
Air Equivalent { 
(atm cc/sec) ! 

Ablefilm 507 
10 

1.2 x 10' 7 

> 

1 

8.3 x 10‘ 8 

n 

2.5 x 10' 7 

1-9 x 10" 7 i 

12 

2.0 x 10' 7 

1.1 x 10' 7 1 

Ablebond 36-2 
10 

2.4 x 10‘ 7 

3.2 x 10’ 7 j 

11 

1.1 x 10' 7 

1.9 x 10 -7 j 

12 

2.0 x 10‘ 7 

2.4 x 10' 7 | 

1 

Epo-Tek H77 

8.7 x 10" 8 

i 

I 

10 

2.3 x 10’ 7 

11 

4.9 x 10~ 8 

1.2 x IQ’ 7 

12 

5.S x 10“ B 

1.1 x 10~ 7 

Ablebond 789-1 

8.3 x 10" 8 


10 

3.3 x 10“ 7 

11 

9.6 X 10" 8 

3.2 x 1G' 7 

12 

7.6 x 10' 8 

2.6 x 10' 7 
1 


- 52 - 




C76-597/201 


Table 25, Effect of Ten Days Exposure at 85°C/85% RH 
on Adhesive Sealed Ceramic Packages 


Adhesive 
Package Number 

Leak Rate 
Before Exposure 
Air Equivalent 
(atm cc/sec) 

Leak Rate 
After Exposure 
Air Equivalent 
^atm cc/sec) 

Ablefilm 507 



7 

2.C x 10‘ 7 

1.2 x IQ* 7 Gross (C 2 )* 

8 

2.8 x 10' 7 

1.9 x ID -7 Gross (C 2 ) 

9 

1.3 x 10' 7 

1.0 x 10" 7 Gross (C 2 ) 

Ablebond 36-2 



7 

2.3 x 10' 7 

1.0 x 10" 7 

8 

2.3 x. fO' 7 

1.0 x 10 -7 

9 

3.0 x 10’ 7 

1.4 x IQ” 7 Gross (C 2 )* 

Epo-Tek H77 



7 

1.8 x 10' 7 

5.5 x 10" 8 

8 

8.4 x 10" 8 

4.2 x 10 -8 

9 

1.0 x 10' 7 

1.3 x 10“ 7 Gross (C 2 > 

Ablebond 789-1 



7 

1.5 x 10" 7 

8.6 x 10' 8 

8 

7.7 ;; 10' 8 

3.9 x 10’ 8 

9 

1.0 x 10 -7 

5.1 x 10' 8 


* Leak Occurred at Vent Hole 
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Table 26. Effect of Tan Days Exposure at 85 0 C/85X RH 
on Adhesive-Sealed Ceramic Packages 


Adhesive 
Package Number 

Ablefilm 

507 

25 


26 


27 


28 


29 


30 


Ablebond 

36-2 

25 


26 


27 


23 


29 


30 


Epo-Tek H77 

25 


26 


27 


28 


29 


30 


Ablebond 

789-1 

25 


26 


27 


28 


29 


30 




1.5 x 10- 7 

1.2 x 10' 7 

1.6 x 10" 7 

1.0 x 10" 5 

1.3 x 10' 7 

1.1 x 10" 7 


1.9 x 10 _/ 
1.6 x 10' 7 
1.9 x 13~ 7 

1.5 x 10" 7 
3.0 x 10‘ 7 

3.5 x 10“ 7 


1.6 x 10' 8 
1.9 x 10" 8 
1.5 x 10' 8 
1.5 x 10' 8 
3.4 x IQ" 9 
1.1 x IQ’ 8 


1.8 x 10’ 8 

2.3 x 10" 8 
3.0 x 10" 8 
2.2 x lO' 3 
2.2 x IQ" 7 

2.4 x IQ' 8 


Gross (Ci) 

Gross (C^ 

Gross (C^) 

Gross (C^) 

Gross (C-j ) 

1.4 x 10" 7 , Gr^ss (C 2 ) 


2.2 x 10"', Gross (C 2 ) 
Gross (C-j) 

2.2 x lO' 7 
Gross (C-| ) 

3.2 x 10" 7 , Gross (C 2 ) 
3.6 x 10" 7 


Gross (C-j) 

6.8 x 10" 8 , Gross (C 2 ) 
7.1 x 10" 8 

6.3 x 10" 8 

3.8 x 10‘ 8 , Gross (C 2 ) 
4.0 x 10" 8 , Gross (Cg) 


Gross (C-j) 

1.6 x 10-7 
Gross (C-| ) 

1.3 x 10' 7 
Gross (C-j) 

1 .2 x 10" 7 , Gross (C 2 ) 
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failed the C 2 gross leak test. For two of the packages (one sealed with Able- 
bond 36-2 and one sealed with Ablefilm 507), the gross leak occurred at the 
vent hole which also was sealed with adhesive. For the other three packages, 
the gross leak occurred in the seal area. The packages in Table 26 had previ- 
ously been temperature aged at 125°C for 240 hours. Thirteen out of 24 packages 
passed the fine and C-j gross leak tests (one sealed with Ablefilm 507, four 
sealed with Ablebond 36-2, five sealed with Epo-Tek H77, and «,nree sealed with 
Ablebond 789-1). However, seven of these subsequently failed the C 2 gross-leak 
test. Only six packages retained their seal integrity (two each sealed with 
Ablebond 36-2, Epo-Tek H77, arid Ablebond 789-1). All six packages sealed with 
Ablefilm 507 failed. 

The results shown in Tables 25 and 26 indicate that of the four adhesives 
evaluated, Ablefilm 507 was degraded the most when exposed to the 85°C/85£ RH 
environment. Also, it appears that Ablebond 789-1 was degraded the least and 
the other two, Ablebond 36-2 and Epo-Tek H77, about equally and somewhere in 
between. Based on these results, Ablebond 789-1 was selected as the adhesive 
to be used in the moisture permeation study. 
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2.3 S’JSCEPTIBILiTY OF ADHESIVE -SEALED PACKAGES TO MOISTURE PERMEATI N 

The objective of this effort was to subject the best adhesive-package 
combination identified in the previous effort to a RH environment 

snd determine its susceptibility to moisture permeation. To accomplish this, 
three ceramic packages wore sealed with Ablebond 789-1 with Panamatrics 
Aquamax-type moisture sensors inside then. These packages were then exposed 
to a 60°C/98X RH environment and their moisture content monitored. A seam- 
sealed gold-plated Kovar package also containing an Aquamax-type moisture 
sensor was used as a control . 

2.3.1 The Panametrics Aquamax-Type Moisture Sensor 

A photograph of a Panametrics Aquamax-type moisture sensor is shown in 
Figure 10. The overall dimensions of the sensor chip are 0.368 cm (145 mils) 
square and the active region of the sensor is 0.19 by 0.23 cm (75 by 90 mils).' 
The physical structure,and a representative cross-section of the moisture sensor 
are shown in Figure 11, along with the equivalent circuit of a single pore. 
Essentially, the sensor is an aluminum-oxide capacitor. The sensor is made by 
evaporating aluminum on silicon, anodizing it, and then evaporating a thin layer 
of gold over the porous oxide layer formed. Sold bonding pads are attached to 
the aluminum and gold layers which form the two electrodes of the capacitor. 

According to the vendor's brochure, the gold electrode is so thin that 
water vapor rapidly permeates it and is adsorbed by the porous oxide. The 
amount of water adsorbed Is functionally related to the vapor pressure of the 
water present in the atmosphere surrounding the sensor. The conductivity of 
the oxide structure is determined by the number of water molecules adsorbed 
and provides a distinct value of electrical impedance which is a direct measure 
of the water vapor pressure. The sensor can be calibrated to measure dew points 
ranging from +20°C to -nO°C (i.e., moisture content ranging from approximately 
23,000 ppm v to 1 ppb y ). 

2.3.2 Sensor Mounting for Present Application 

The moisture sensors normally are supplied mounted on TO headers, a form 
unusable in the present application where they are to be directly mounted in 
gold-plated Kovar and ceramic packages. At special request, Panametrics sup- 
plied the sensors eutectically mounted on 0.635 cm (1/4 inch) square gold-plated 
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Figure 10. Photograph of a Panametrics 

Aquamax-Type Moisture Sensor 


or t*js 
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SOLD ELECTRODE 
EVAPORATED 
OVER ANODIZE 



ALUMINUM ELECTRODE 

(a) Representative Physical structure 




c 0 « capacitance of entire 

OXIDE LAYER; 

C 2 » PORE “BASE CAPACITANCE; 
R 0 - RESISTANCE OF SOLID 
ALUMINUM OXIDE; 

R 1 ■ PORE -SIDE RESISTANCE; 

R 2 * PORE-BASE RESISTANCE; 


(b) Representative 1 Cross- 
section 


(c) Equivalent Circuit of a 
Single Pore 


Figure 11. Physical Structure, Representative Cross-section, 

and Single Pore Equivalent Circuit of a Panametrics 
Aquamax-Type Moisture Sensor 
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Kovar tabs as shown in Figure 12. Also, since the bonding pads on the sensors 
are small and bonds must be made and broken several times during the course of 
this investigation, special carrier substrates on which the sensors are perma- 
nently mounted were designd and fabricated. A photograph of one of these sub- 
strates is shown in Figure 13. These substrates are ceramic with three large 

O 

thin-film gold metallized areas approximately 2 pm (20.0Q0A) thick, one U-shaped 
for attachment of the gold-plated Kovar tabs containing the moisture sensors, 
and two L-shaped to serve as device terminals. The gold-plated Kovar tabs are 
attached to the U-shaped thin film gold metallized regions by micro-gap bonding 
0.0025 cm (1 mil) thick gold ribbon between them. Electrical connection between 
the thin film gold pads on the moisture sensors and those on the substrates are 
made by ultrasonically bonded 0.0025 cm (1 mil) diameter gold wire- A photo- 
graph of a carrier substrate with c moisture sensor attached is shown in Figure 
14. These substrates with the moisture sensors attached are then the units that 
are removed and rebonded. Due to their large terminal areas, they can be used 
repeatedly. It turned out to be extremely fortunate that carrier substrates were 
used because difficulty was encountered in bonding to the smaller pads on the 
moisture sensors (the ones on the left in Figure 10) due to poor pad adhesion. For 
some tensors, several attempts had to be made before a bond was obtained; and in 
all cases, the final bond had marginal strength (around one gram). 

2.3.3 Ceramic Package Bases 

Bases for the ceramic packages were designed and fabricated. A photograph 
of or.a is shown in Figure 15. These bases are approximately 2.31 cms (0.910 
inches) wide and 2.95 cms (1.160 inches) long with three thin-film gold metal- 

O 

lized areas approximately 2 pm (20.000A) thick, one U-shaped to accommodate the 
carrier substrates with the moisture sensors, and two L-shaped to serve as 
package terminals. The carrier substrates with the moisture sensors attached 
are placed in the U-shaped regions and attached tc them by micro-gap bonding 
0.0025 cm (1 mil) thick gold ribbon. Electrical connection between the terminals 
of the carrier substrates and those of the package bases are made by ultrasonic- 
ally bonded 0.0038 cm (1.5 mils) diameter gold wire. A photograph of a package 
base with a carrier substrate (and moisture sensor) attached is shown in 
Figure 15. 
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Figure 12. Moisture Sensor Mounted on Gold-Plated Kovar 
Tab as Supplied by Panametrics 



Figure 13. Carrier Substrate for Panametrics Moisture Sensor 
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Figure 14. Carrier Substrate with Moisture Sensor Attached 



Figure 15. Base for Ceramic Package 
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Figure 16. Ceramic Package Base teith 
Carrier Substrate (and 
Moisture Sensor) Attached 
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2.3.4 Necessity for In-House Calibration of the Moisture Sensors 

Conversations with Panametrics personnel revealeci that the present pro- 
posed use of the Aquamax-type moisture sensors differed from normal application 
in two respects. First, the sensors normally are used at room temperature 
(25 + 2 < ’C), and second, the maximum recommended storage temperature is +70°C. 

In the present application where the sensors are to be sealed in adhesive- 
sealed packages, the sensors must be exposed to the cure temperature of the 
adhesive which is 170°C for Ablebond 789-1. Also, in the present application, 
it is desirable to monitor the moisture content of the packages at the exposure 
temperature of 60°C rather than at room temperature. 

Further conversations witn Panametrics personnel indicated that operating 
the sensors at 60°C would not present a serious problem, but would only require 
that the sensors be calibrated at that temperature. Also, it was felt that while 
exposing the sensors to 170°C {as required to cure the adhesive) would permanently 
change their calibrations, they would stabilize at new values after a few hours 
(4 to 6) exposure. However, since no data exist confirming this speculation, 
it was rec amended that the sensors still be recalibrated after testing is com- 
pleted. As a result of these conversations, it was decided to proceed as follows: 

(a) Calibrate the sensors as received at room temperature and at 60°C. 

(b) Expose the sensors at 170°C for six hours In dry nitrogen and 
recalibrate them at room temperature and at 6Q°C. 

(c) Seal the sensors in the packages, subject the packages to the 60°C/ 

98% RH environment, and monitor the sensor outputs versus time. 

(d) Remove the sensors from the packages, recalibrate them at 60°C to 
see if they have changed, and interpret the output readings 
obtained in (c). 

2.3.5 Chamber for Calibrating Moisture Sensors 

Since the above procedure requires repeated calibration, the only practical 
approach was to develop an in-house capability. Consequently, a chamber for 
use in calibrating the moisture sensors was designed and fabricated. An exterior 
view of the chamber is shown in Figure 17 and a view of the interior of the two 
parts is shown in Figure 18. The chamber was fabricated from stainless steel, 
and the plate was electroplated with gold so that the ceramic carrier substrates 
on which the moisture sensors are mounted could be strapped to it with gold 
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Figure 17. Chamber for Use in Calibrating Moisture Sensors 




Figure 18. Interior of Calibration Chamber 


j jgfe w»® "*• 
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ribbon. This attachment can be seen in Figure 18 and In greater detail in 
Figure 14. As can be seen in Figures 17 and 18, the chamber is equipped with 
two ports with swage-type fittings for gas flow-through and an eleven-pin 
electrical feedthrough for attaching five moisture sensors and a thermocouple 
(iron-constantan). The capability of calibrating more than one moisture sensor 
at a time is desirable not only to reduce the time required, but also to deter- 
mine the uniformity of response between the moisture sensors. Electrical con- 
nection between the moisture sensors and the feedthrough pins was made by 
ultrasonically bonded 0.0038 cm (1-1/2 mil) diameter gold wire. 

A stainless steel disc was mounted in the cylindrical part of the chamber 
(visible in Figure 18) to provide a baffle so that the gas would not impinge 
directly on the moisture sensors. This disc is of proper size to provide a 
0.32 cm (1/8 inch) gap between it and the chamber wall and was mounted 1.27 cms 
(1/2 inch) from the gas ports on a 0.64 cm (1/4 inch) wide stainless steel bar. 
The bar was cut to slip-fit into the chamber and was positioned between the 
two ports to assure that the gas would not be short-circuited between the inlet 
and outlet ports. The chamber was sealed using an 0-ring as shown in Figure 13. 

2.3.6 Calibration of As-Received Sensors 

Calibration runs were male for five Panametrics moisture sensors at room 
temperature and at 60°C. Readings were taken with the Panametrics Model 2000 
Control Unit operated in both the normal and expanded scale modes. The five 
sensors were calibrated simultaneously using the calibration chamber just 
described. Calibration was made at five points covering a dew point range 
from approximately -36°C to +8°C !) corresponding to moisture concentrations 
ranging from 200 to 10,000 ppm y . The setup depicted in Figure 19 was used to 
generate the nitrogen of various moisture contents required for the calibration. 
The precise value of the dew point at each calibration point was measured with 
an optical dew point hygrometer. 

Calibration curves obtained for one of the sensors (Sensor No. 1) are 
given in Figure 20. These curves are typical of those obtained for all five 
sensors. The calibration curves are extremely temperature dependent. The cali- 
bration curve obtained at 60°C differed considerably from that obtained at room 
temperature (27°C). Also, the calibration curves cross at a dew point of about 
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-TS®C. These results point out a serious limitation in the use of these sensors. 
For accurate results, they must be used at very nearly the same temperature at 
which they are calibrated. Also, their sensitivity is degraded at 60°C. The 
calibration curves for all five sensors (with the Control Unit operated In the 
expanded scale mode) are plotted in Figure 21. These curves are shown to empha- 
size the fact that If accurate dew point measurements are desired, the sensors 
must be calibrated over the entire dew point range, especially If they are to 
be used at the higher temperatures. Single point calibration would not be suf- 
ficient since the curves for the different sensors are not parallel. The rela- 
tion of the curves of Sensor Nc. 5 to the others merits comment. The curves for 
this sensor fell quite a bit lower than the others, indicating that it had gener- 
ally lower sensitivity. The surface or this sensor had been scratched in handling, 
which could explain the observed reduced sensitivity since such damage probably 
reduces the active area or volume of the sensor. 

Additional calibration runs were male on the same sensors to check their 
repeatability. Typical results are shown In Figure 22 (Sensor No. 2). In 
general, the results are reasonably good for the sensors operated in the expanded 
scale mode (difference in dew points range from 1 to 4°C). In the worst case 
(4°C), at a dew point of -10°C, this would represent a possible value of moisture 
content ranging from 2150 to 3050 ppm y ; or at a dew point of 0°C, a possible 
value ranging from 5100 to 6950 ppm y . This represents an error in ppm y of 
approximately 15 to M%. 

2.3.7 Recal ibratlon of Sensors After Six Hours at 170°C 

Results of the recalibration of the sensors after they were exposed at 
170°C for six hours in dry nitrogen are summarized in Figures 23 through 26. 

The calibration curves for both the normal and the .expanded scale modes obtained 
for Sensor No. 1 at room temperature and at 6Q°C are given in Figures 23 and 24, 
respectively. Corresponding calibration curves obtained previously (before the 
six-hour bake at 170°C) are also shown for comparison. These curves are typical 
of those obtained for all five censors. It is evident from this comparison that 
the calibration curves have changed considerably because of the high temperature 
exposure. The sensitivity of the sensors is substantially reduced; however, 
they certainly are still usable. 
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The new calibration curves for all five sensors (with the control unit 
operated in the expanded scale mode) at room temperature and at 6Q°C are 
shown in Figure 25. Typical results showing repeatability are given in 
Figure 26 (Sensor No. 2). In general, the repeatability is reasonably good 
(not. worse than 2 or 3°C). At a dew point of -10°C this would represent a 
possible value of moisture content ranging from 2300 to 2900 ppm v ; or at a 
dew point of 0'’C, a possible value ranging from 5350 to 6700 ppm v This 
represents an error in ppm y of approximately 11 or 12%. 

2.3.8 Pa ckages for 6Q°C/93% RH Exposure 
2. 3.8.1 3 ackaqe Preparation 

Three ceramic packages and one gold-plated Kovar package were prepared 
for exposure to the 60°C/98% RH environment. Preparation procedures were as 
follows: 

Ceramic Packages - The carrier substrates containing the moisture sensors 
Numbers 2, 3 and 4, were removed from the calibration chamber by breaking the 
leads connecting their terminals to the chamber pins and the gold ribbon strap- 
ing them to the chamber plate. They were then strapped to the ceramic package 
bases and electrical connections made to the package terminals as described in 
Section 2.3.3 and shown in Figure 16. During this operation, precautions were 
taken to assure that the sensors were protected from exposure to static charges; 
and to assure such protection In subsequent operations, the package terminals 
were shorted together by bonding a wire between them. 

The packages were assembled using the assembly fixture designed for 
the ceramic packages discussed in Section 2.2.1, and the assembly method 
described in Section 2.1.1. In this case, to accommodate the larger ceramic 
package bases, the two alignment pins on the right, side of the assembly fixture 
were removed. Also in this case, the small hole (approximately 0.04 cm or 16 
mils in diameter) required to allow the packages to vent during curing of the 
adhesive, was sandblasted in the ceramic boxes which served as the package lids. 
These lids were cleaned using the same procedure as described in Section 2.2.1 
(i.e., brushed in toluene and isopropyl alcohol and spray rinsed with Freon TF). 
The paste adhesive (Ablebond 789-1) was manually applied on the rims of the 
lids as described in Section 2.1 .2. The packages were assembled in room ambient 
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and cured in a dry nitrogen environment for two hours at 170°C with a clamping 
pressure of approximately 7.0 x 10^ N/m 2 (10 psi) applied to them. The pack- 
ages were then removed from the oven directly into the attached dry nitrogen 
gloye box (maintained at a dew point of approximately -60°C), the clamps and 
teflon-coated plates removed, the vent holes filled with Epo-Tek H77, and the 
packages replaced in the dry nitrogen oven and cured for 30 minutes at 150°C. 
After this, the packages were stored in the dry nitrogen glove box. A photo- 
graph of a completed package is shown in Figure 27. 

Gold-Plated Kovar Package - The carrier substrate containing moisture sensor 
Number 1 was removed from the calibration chamber as described above and strapped 
directly to the bottom of the gold-plated Kovar package using gold- ribbon. The 
substrate terminals were connected to two of the package leads by ultrasonically 
bonded 0.0038 cm (1.5 mil) diameter gold wire. The package leads were then 
shorted together to protect the sensor from static charges, and the package was 
vacuum baked for four hours at 135°C and seam-sealed in a ary nitrogen environ- 
ment. 

2. 3. 3. 2 Package Conditions Prior to Exposu re 

Immediately after the ceramic packages were sealed, they were removed from 
the dry nitrogen glove box and readings were taken for them and the seam-sealed 
gold-plated Kovar package using the Panametrics Model 2C00 Control Unit. The 
packages (including the seam-sealed gold-plated Kovar package) were then stored 
in the entry lock to the dry box (which also is purged with dry nitrogen’ until 
they could be seal tested approximately four days (88 hours) later. Readings 
were repeated at that time and six hours later after seal testing was completed. 
The packages were returned to the entry lock for an additional six days (138 
hours) before they were- removed and placed in the temperature-humidity chamber 
for testing. These readings and the measured leak rates are given in Table 27. 

In all cases, for all four packages, the readings were made with the 
control unit operating in the normal scale mode because they were too low to 
be detected with the unit operating in the expanded scale mode. The adhesive- 
sealed ceramic package containing moisture Sensor No. 2 was found to be a gross 
leaker because of a hole in the ceramic lid. This problem was discussed pre- 
viously in Section 2.2.2. The lids were pretested, but either this one was 
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Figure 27. Adhesive-Sealed Ceramic Package 
for Moisture Permeation Testing 
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Table 27. Package Conditions Prior to 60°C/98% RH Exposure 
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missed or the defect developed when the small vent holes were sandblasted. 

2.3.9 Exposure of Packages to SQ°C/98% RH Environment and Discussion of Results 

As previously discussed in Section 2.3.4, since it was not known to what 
extent the calibration of the sensors was affected by the additional high 
temperature exposure during package sealing, this effort also involved recali- 
brating the sensors. The procedure for this effort was then as follows: 

(1) The packages were exposed to the 60°C/98% RH environment and the 
sensor outputs monitored. 

(2) The sensors were removed from the packages and recalibrated at 60°C. 

(3) The sensor output readings were interpreted as dew points using the 
calibration curves, converted to ppm v> and plotted versus exposure 
time'. 

A detailed presentation of the data and discussion of the results follows. 
2. 3.9.1 Exposure Data 

Prior to installing the packages, the temperature-humidity chamber (Blue M 
Model FR-i56PB) was stabilized at S0°C/98% RH. An empty card-type connector 
used with the ceramic packages was then installed in the chamber and tested 
for electrical leakage using both the Panametrics Model 2000 Control Unit oper- 
ated in the Normal Scale Mode and a Delta FET VCM. For no leakage, the Control 
Unit gives a zero reading and the VOM shows infinity. Both instrunents indi- 
cated that leakage was occurring (the Control Unit gave a reading of 0.042 
and the VOM indicated 6 megohms). The wet bulb control setting was lowered 
slightly and the leakage, as indicated by the Control Unit reading, slowly 
decreased. No further adjustments were made. By the next morning the leakage 
(as indicated by the Control Unit reading) was essentially zero. The 
solder lug side of the connector was then sprayed with Permatex DLF, and the 
Control Unit reading dropped to zero. Also, the Delta FET VOM indicated 
infinity. An empty ceramic package base was then inserted in the connector. 

The leakage, as indicated by the Control Unit reading, initially increased , 
(apparently due to the fact that moisture condensed on the ceramic package base 
since it was initially at RT) and then decreased to zero (as the ceramic package 
base warmed up to 60°C). As a result of the small adjustment in the wet bulb 
temperature, the relative humidity is slightly less than 98%. 
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All packages, including the one that was a gross leaker, were then installed 
in the temperature-humidity chamber and sensor outputs monitored with the Pana- 
metrics Model 2000 Contrcl Unit. The exposure was continued for 15 days. While 
data was taken much more frequently, an adequate summary of the data for the 
seam-sealed gold-p ated Knvar package and tne two good adhesive-sealed ceramic 
packages is given In Table 28. As this data shows, the output of the moisture 
sensor in the seam-sealed gold-plated Kovar package remained at a low constant 
value throughout the entire 15-day exposure, while the outputs of the sensors 
in the adhesive- sea led ceramic packages slowly but steadily increased. The 
behavior of the output of the moisture sensor in the adhesive-sealed ceramic 
package that was a gross leaker was completely different. It Increased very 
rapidly to a value of 2.59 on the Normal Mode Scale after 7-1/2 hours (the even- 
ing of the first, day) and was found to be high off scale (i.e., greater than 30) 
the next morning. It remained high off scale until about one o'clock of the 
second day (a total of 28 hours exposure), then decreased rather steadily to 
a value of 0.028 by the end of 96 hours, and remained essentially constant 
(0.025 to 0.032) at this value for the duration of the 15-day exposure. 

2. 3.9.2 Condition of Sensors After Exposure 

At the end of the 15-day exposure, the packages were opened and visually 
examined. All sensors except the one from the ceramic package that was a gross 
leaker appeared the same as they did originally. A photograph of this sensor is 
shown in Figure 28. As the photograph shows, this sensor was extensively cor- 
roded everywhere (even the alignment cross was corroded) except under the gold 
terminal attached to the gold electrode. It was speculated and later verified 
by Panametrics personnel that there was no aluminum under this terminal. A 
close-up view of the terminal to the aluminum electrode (Figure 29) shews that 
the aluminum neck between the gold-plated terminal and the aluminum e’ectrode 
'.’.■as completely corroded. 

This result is considered serious. It raises a question concerning 
the long-term and perhaps even the relatively short-term reliability of these 
sensors. While it is admitted that this sensor was exposed to a rather severe 
environment, approximately 19% moisture (190,000 ppm y ) at 60°C, it failed in 
approximately 24 hours. The question is then to what extent and how quickly 
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Table 28. Sensor Outputs as Read by the Panametrics Model 2000 
Control Unit During 15-Day 60°C/98IS RH Exposure* 


Elapsed 

m 

El 

Seam-Sealed 

Gold-Plated 

Adhesive-Sealed 

Ceramic Packages 

Days 

Sensor No 

1 

Sensor No. 

3 

Sensor No. 

4 


HU 

gmni 

Expanded 

Scale 

Normal 

Scale 

Expanded 

Sciile 

Normal 

Scale 

Expanded 

Scale 

0 

0900 

0.215 

Off-Scale 

Low 

0.215 

Off-Scale 

Lex 

0.218 

Off-Scale 

Low 

1 

0900 

0.203 



0.210 



0.214 



2 

0900 

0.215 



0.228 


r 

0.230 

> 


3 

0900 

0.215 



0.231 

0.002 

0.238 

0.0 

27 

4 

0900 

0.214 



0.238 

0.031 

0.242 

0.059 

5 

0900 

0.215 



0.242 

0.060 

0.250 

0.095 

6 

0930 

0.213 



0.250 

0.091 

0.258 

0.129 

7 

0900 

0.213 



0.255 

0.119 

0.263 

0.162 

3 

0900 

0.214 



0.261 

0.148 

0.271 

0.195 

9 

0900 

0.214 



0.268 

0.178 

0.279 

0.229 

10 

0900 

0.215 



0.272 

0.207 

0.284 

0.261 | 

11 

0900 

0.214 



0.279 

0.235 

0.291 

0.292 

12 

1210 

0.215 



0.286 

0.270 

0.299 

0.331 | 

13 



. 


















14 

0920 

0.217 



0.298 

0.328 

0-312 

0.398 

15 

0900 

' 

0.217 | 1 

f 


0.305 

0.361 

0.320 

0.432 


* Relative Humidity was slightly less than 98%. 
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Figure 28. Moisture Sensor Removed From 

Package That Was a Gross Leaker 
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are these sensors degraded at lower temperatures and/or lower moisture concen- 
trations. It was learned in a telecon with Panametrics personnel that a drift 
In sensor characteristics has been observed during prolonged exposure under 
much less severe conditions. This could be due to the very slow occurrence of 
corrosion. Also, Panametrics does not recommend the sensors (either the 
Aquaaiax-type or the new Mini-Mod A-type) for long-term applications. Based on 
the observed severe corrosion of the Aquamax-type moisture sensor, it is our 
opinion that a fundamental redesign eliminating the aluminum electrode is required. 
It is proposed that an improved sensor can be fabricated by sputtering, screening, 
anodizing, or otherwise applying a porous aluminum oxide or other dielectric on 
a gold base-electrode, thus eliminating the aluminum-gold bimetallic couple. A 
patent disclosure for this improved sensor has been made to the Rockwell Patent 
Department. 

2. 3.9. 3 Recalibration of Sensors After Exposure 

The three sensors were removed from the seam-sealed gold-plated Kovar pack- 
age and the two good adhesive-sealed packages, mounted in the calibration chamber, 
and recalibrated at 60 a C. Results are given in Figures 30 through 32 for Sensor 
Numbers 1, 3 and 4, respectively. As shown, the sensors were calibrated twice 
(on different days) for both the normal and expanded scale modes. The results 
of the two calibrations are nearly identical. Corresponding calibration curves 
obtained after the six-hour bake at 170°C in nitrogen (i.e. , before the sensors 
were sealed in the packages) are also shown for comparison. !t is evident that 
this exposure (6 hours at 170°C) did not stabilize the calibration curves of the 
sensors at new values. Contrary to the speculation made in Section 2.3.4, the 
calibration curves were changed substantially by the additional high-temperature 
exposures of the sensors during package sealing. Also, it is seen that the 
calibration curves for Sensor Numbers 3 and 4, which were subjected to the same 
high temperature exposures (2 hours at 170°C and one hour at 120°C), changed by 
nearly identical amounts, and that the change in the calibration curves for 
these sensors was greater than the change in the calibration curves for Sensor 
No. 1 which was exposed to a lower temperature for a longer period of time 
(4 hours at 135°C). 
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2. 3. 9. 4 Results of 60°C/98% RH Exposure 

Interpretation of the sensor output readings recorded during the 15-day 
exposure of the packages to the 60°C/98% RH environment (Table 28) using the 
new calibration curves is given in Table 29 for the two good adhesive-sealed 
ceramic packages. The readings for the seam-sealed gold-plated Kovar package 
were too low to be accurately interpreted, but the daw point remained essen- 
tially constant throughout the 15-day exposure and certainly was less than -40°C 
and probably around -55°C. Therefore, the moisture content of this package was 
less than 130 ppm y and probably only about 20 ppm v . As shown in Table 29, the 
dew points for the adhesive- sealed ceramic packages were initially the same as 
that for the seam-sealed gold-plated Kovar package but steadily increased with 
elapsed exposure time. At the end of the 15-day exposure, the dew point of the 
package that contained Sensor No. 3 was +12.8°C and that of the package that 
contained Sensor No. 4 was +16.9°C, indicating that the moisture contents of 
the packages were 14,620 and 19,030 ppm v , respectively. 

These data (moisture content versus exposure time) are plotted in Figure 
33. After the first few days (four days for the package that contained Sensor 
No. 3 and two days for the package that contained Sensor No. 4), the curves are 
linear for the remainder of the test (15 days). During this time, moisture per- 
meated into the package that contained Sensor No. 3 at the rate of 1,230 ppm v 
per day and into the package that contained Sensor No. 4 at the rate of 1400 
ppm v per day. Further discussion of the results obtained for the adhesive- 
sealed ceramic packages from several viewpoints follows. 

2. 3. 9. 4.1 Measured Fine-Leak Rates 

The fine-leak rates measured for these packaaas (per MIL-STD-883A, Method 

1014.1, Test Condition A?) P^or to the 60°C/98$ RH exposure were 3.6 x 10 
-7 

and 2.4 x 10 atm cc/sec (air equivalent) for t;he packages that contained 
Sensor Numbers 3 and 4, respectively (see Table 27). On this basis, it would 
be expected that moisture would permeate more readily into the package that con- 
tained Sensor No. 3. However, the above results showed the opposite. There are 
four possible explanations for these conflicting results: (1) the lEak rate 

measurements were in error, (2) the leak rates changed prior to exposure, (3) 
there was more adhesive on the package that contained Sensor Number 3, and 
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(4) the helium leak test is inappropriate for measuring leak rates when the 
dominant mechanism is diffusion rather than convection. Explanations 1 and 2 
are unlikely. Since the packages were exposed to identical conditions after 
the leak rates were measured, there is no reason why one should have changed 
in comparison to the other. The absolute values of the leak rates may have 
been in error, but their relative values should have been accurate since 
they were leak tested at the same time. Explanation 3 can'not be completely 
discounted, however, it is implausible because the leak rate for the package 
that contained Sensor No. 3 is 50% greater than the leak rate for the package 
that contained Sensor No. 4. Even if the observed leak rates were due entirely 
to adsorbed and/or absorbed helii this difference would require that the pack- 
age that contained Sensor No. 3 had 50% more adhesive on it than the package 
that contained Sensor No. 4. Explanation 4 is the most likely. As evidenced 
by the curves shown in Figure 33, diffusion requires hours or even days to 
stabilize, and the fine-leak test is performed in minutes. 

2. 3. 9. 4. 2 Difference in Moi stare Permeation Rates 

The observed difference in the rates at which moisture permeated into the 
two packages is simply explained as due to a small difference in the thickness 
of their bond lines (or seals). The only variable parameter for the two packages 
that affects the permeation rate is the seal area. The seal perimeter is the 
same for both packages, but the seal thickness is not controlled. 

2. 3. 9. 4. 3 ^ime tQ Reach 5000 ppm^ 

The maximuni moisture content allowed in a hybrid package has been set at 
6000 ppm (MIL--STD-883A, Method 5008). As seen from the curves in Figure 33, 
this level was reached at the end of eight days exposure at 60°C/98% RH for the 
package that contained Sensor No.. 3 and after 5-1/2 days for the package that 
contained Sensor No. 4. 

2. 3. 9. 4. 4 Permeability 

Seal permeabilities for the two adhesive-sealed ceramic packages can be 
calculated from the 15-day exposure data using a simple rearrangement, of the 
following equation reported by R. K. Traeger of Sandia Laboratories. 
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t = VL 
PART 



where, 

t Is the time to reach p 2 (sec) 

V is the internal free volume of the package (cm^) 

L is the diffusion path length or seal width (cm) 

P is the permeability of the sealant {gm/cm sec Torr) 

o 

A is the total cross-sectional area of the seal (cm ) 

R is the gas constant (3465 Torr cm /°K gm) 

T is the temperature (°K) 

p Q is the external water vapor pressure (Torr) 

P-| is the initial, internal water vapor pressure (Torr) 

is the final, internal water vapor pressure (Torr) 


Rearranging this equation to solve for the permeability gives: 

P = VL In 
ARTt 

In the present case, all terms are known, or can be calculated, except the bond 
line thickness which is required to calculate A. However, it is known that the 
bond line thickness is not greater than 3 mils, so calculations were made for 
bond line thicknesses of 1 , 2 and 3 mils. The values of the various terms used 
in the present calculations are given in Table 30, and the calculated permea- 
bilities are given in Table 31. As shown, the values ranged from 1.29 to 
- 1 3 

4.42 x 10 grn/cm sec Torr. These values for 63°C are in excellent agreement 

- 1 3 

with the value of 4.2 x 10 gmfcm sec Torr reported by Traeger as measured by 
Kass at 51°C. However, Traeger states that the epoxy for which Kass measured 
this value was a very highly filled material that was not usable as a lid seal- 
ant. This was not so in the present case. It is important to note that (except 
for the value measured by Kass) our calculated permeability is approximately 
two orders of magnitude smaller than those previously reported in the literature. 



2. 3. 9. 4. 5 Time to Half Ambient 

The calculated permeabilities were used to calculate the time required for 
the moisture content of the packages to reach a value equal to half that of 
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the external environment. This calculation was made using the previous equation 

t= VL ln/ p o“ p l\ 

PA R T ^p o -p 2 J 

For this calculation, p-j was assumed to be zero and p 2 was assumed to be 1/2 p Q 
giving: 


t l/2 


VL In (2) 
PSRT 



0.693 


VL 

PART 


For the two extreme values calculated for the permeability (i.e., 1.29 arid 4.42 

-13 

x 10 gm/cm sec Torr), the times to half ambient were calculated to be approxi 
mately 103 days and 90 days, respectively. 

Simple mathematical extrapolation of the curves of Figure 33 gives times 
to half ambient of 83 days and 71 days far the packages that contained Sensors 
Numbers 3 and 4, respectively. These values are expected to be low because no 
provision has been made for the fact that the rate at which moisture permeates 
into the packages will decrease as the moisture vapor pressure in the packages 
increases. 

In any case, these calculations show that at 60°C, the moisture content of 
the packages will reach a value equal to half that of the external environment 
in approximately three months. 
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3.0 SUMMARY 

A systematic study was performed to evaluate the suitability of adhesives 
for sealing hybrid packages for NASA/MSFC applications. This study consisted 
of three parts. 

(1) Screening ten selected adhesives on the basis of their ability to 
seal gold-plated Kovar butterfly-type packages that retain their 
seal integrity after individual exposures to the following four 
increasingly severe temperature-humidity environments: 

(a) Ten days at 50° C/60% RH 

(b) Ten days at 60°C/98% RH 

(c) The ten-day moisture test per Method 1004.1 of MIL-STD-883A 

(d) Ten days at 85°C/8S% RH 

(2) Screening the four best adhesives, as determined from the temperature- 
humidity screen, on the basis of their ability to seal gold-plated 
Kovar butterfly-type packages and ceramic packages that retain 

their seal integrity after both individual and sequential exposure 
to the following Class A test environments specified in Method 5004.2 
Of MXL-STD-883A: 

(a) Thermal Shock - Method 1011.1, Test Condition C (i.e. , 15 cycles, 
-65°C to +1 50°C) 

(b) Temperature Cycling - Method 1010.1, Test Condition C 
(i.e., 15 cycles, -65°C to +15Q°C) 

(c) Mechanical Shock - Method 2002.1, Test Condition B 
(i.e., 5 shock pulses at 1500 g's in the Yj plane) 

(d) Constant Acceleration - Method 2001.1, Test Condition A 
(i.e., 5,000 g's in the Y-j plane) 

(e) Temperature Aging corresponding to the temperature/ time require- 
ment associated with the burn-in test of Method 1015.1 

(i.e., 240 hours at 125°C) 

(3) Subjecting the best adhesive-package combination, as identified by 
the MIL-STD-833A screen, to a 80°C/98% RH environment and continuously 
monitoring the moisture content using Panametrics Aquamax-type moisture 
sensors to determine susceptibility to moisture permeation. 
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In all cases, seam-sealed gold-plated Kovar packages were used as controls 
The ten adhesives selected for temperature-humidity screening were Ablefilm 507 
Ablefilm 550, Ablebond 36-2, Ablebond 58-1, Epo-Tek H20E, Epo-Tek H81, Epc-Tek 
H77, Ablebond 789-1, Ablebond 873-1, and AF-30. The four best adhesives selec- 
ted for MIL-STD-883A screening were Ablefilm 507, Ablebond 35-2, Epo-Tek H77, 
and Ablebond. 789- i . Packages sealed with two of these, Ablefilm 507 and Able- 
bond 789-1, retained their seal integrity after exposure to all temperature- 
humidity environments. Packages sealed with the other two, Ablebond 36-2 and 
Epo-Tek H77, failed exposure to the 85°C/85% RH environment. The best adhesive 
package combination selected for moisture permeation testing was the ceramic 
package sealed with Ablebond 789-1. All of the gold-plated Kovar packages 
sealed with the four adhesives failed sequential exposure to the MIL-STB-883A 
test environments, and all of the ceramic packages passed. 

Results for two ceramic packages sealed with Ablebond 789-1 exposed to 
the 6D°C/98% RH environment (moisture concentration of 193,000 ppm y ) for 15 
days showed that the moisture content (which initially was only about 20 pprn ) 

V 

slowly increased to 1000 ppm v after the first few days (3-3/4 days for one 

package and two days for the other), and thereafter steadily increased at 

constant rates to 14,600 ppm v in one package and 19,000 ppm v in the other by 

the end of the 15-day test. The moisture content was 6,000 ppm y after eight 

days for one package, and after only a little over 5-1/2 days for the other. 

Permeabilities and times to half ambient were calculated to be of the order 
-IT 

of 1 .3 to 4.2 x 10 gm/cm sec Torr and 9Q to 100 days, respectively. 

The seam-sealed gold-plated Kovar packages used as controls passed all 
tests. In the case of the 15-day exposure to 60°C/98% RH, the moisture con- 
tent of the seam-sealed gold-plated Kovar package remained unchanged at about 
20 ppm v . 
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